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PREFACE

This MDC report entitled "Investigation of the Free Flow Electrophoretic Process”
is submitted under NASA Contract Number NAS 8-32200. It consists of two volumes
as specified below:

. Volume I - Executive Summary

Volume II - Technical Analysis

Prepared as the final report of a seven-month study, with the same title, per-
formed by McDonnell Douglas Astronautics Company - St. Louis Division, this docu-
ment summarizes the results of a study that focused on demonstrating the effects
of gravity on the process and comparing the demonstrated effects with predictions
made by mathematical models. This contract was administered by the NASA Marshall
Space Flight Center, Huntsville, Alabama.

This report was written by:

Ronald A. Weiss, PhD ~ Charles D. Walker
Principal Investigator Design Engineer

dames W. Lanham, PhD David W. Richman
Technical Specialist-Microbiology Lead Engineer-Technology

Other contributors to the study effort included S. J. Blaisdell, C. E. Cleveland,
C. E. Roth and A. L. Hitt. This report was reviewed by A. V. Montgomery, MD, PhD-
Director of Life Sciences and J. T. Rose-Space Processing Program Manager.

Questions regarding this study should be directed to:

Ronald A. Weiss, PhD Robert 5. Snyder, PhD

McDonnell Douglas Astronautics Code: ES73

Company - St. Louis Division NASA Marshall Space Flight Center
P.0. Box bl16 Huntsville, Alabama 35812

St. Louis, Missouri 63166 Telephone: (205) 453-3537

Telephone: (314) 232-2008
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1.0 SUMMARY

The microgravity environment of space may provide advantages to the production aﬁd
purification of biological materials in terms of greater availability and higher
purity of therapeutic, research, and diagnostic materials. Experiments conducted
in space have already demonstrated the advantages of using static (1) and free-flow
(2) é]ectrophoresis to separate biological materials in a microgravity environment.
Cells separated using static electrophoresis showed increased production of uroki-
nase and erythropoietin when subsequently subcultured in earth based laboratories
(3). The previously noted experiments demonstrated the positive results that the
space environment has on materials processing, but they were not intended to focus
on process parameters. A necessary step toward NASA's goal of space industrializa-
tion is an in-depth study of the effects of gravity on the process. Understanding
these effects will facilitate quantification of the advantages of space processing,
allowing ground-space economic trade-off analyses to be made. The purpose of

this study is to demonstrate the effects of gravity on the free-flow electrophore-

tic process and to compare the demonstrated effects with predictions made by
mathematical models.

The free flow electrophoresis chamber used to demonstrate the effects of gravity
on the process is of a proprietary design developed by McDonnell Douglas Astronau-
tics Company - St. Louis Division. This chamber is 120 cm long, 8.25 cm wide, and
0.3 cm thick. The chamber and its supporting hardware are shown in Figure 1-1,

AN Electrophoresis Test Setup. Flow in this chamber is in the upward direction
and exits through 105 outlets at the top of the chamber. During electrophoresis

a stream of sample is injected into the flow near the bottom of the chamber and

an electrical field is applied across the width of the chamber. The field causes
a lateral force on particles in the sample proportional to the inherent charge of
the particle and the electrical field strength. Particle lateral velocity is

then dependent on the force due to viscous drag which is proportional to particle
size. The characteristic that describes particle motion is electrophoretic mobi-
lity, which is the lateral velocity divided by electrical field strength.

The free flow electrophoretic process depends on maintenance of a steady laminar
flow of the carrier fluid. Time variant velocity fluctuations will cause corres-

ponding fluctuationsin the particle paths spoiling the intended separation. On

1-1

MCDONNELL DOUGLAS ASTRONAUTICS COMPANY -ST. LOUIS DIVISION



ORT MDC E2000
INVESTIGATION OF THE i VOLUME 11

FREE FLOW ELECTROPHORETIC PROCESS MAY 1979

AN ELECTROPHORESIS TEST SET-UP

&

g

VRIGINAL PAGE 5

Figure 1-1 OF POOR QUAL Y
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earth the primary source of velocity variations in the carrier fluid is convection
currents. Free convection in turn is caused by density variations due to tempera-
ture differences in the fluid. These temperature differences are caused by Joule

heating of the fluid by the electrical field. This problem is aggravated by the
requirement that the carrier fluid must have sufficient ionic strength to insure

stability of the biological materials being separated. This carrier fluid, or
buffer, is therefore an electrically conductive medium.

1.1 EFFECTS OF GRAVITY ON CARRIER BUFFER

The purpose to Task 1.0 was to determine the effects of gravity induced thermal
convection on the carrier buffer flow. Tests were performed to measure vertical
centerline velocity as gauged by the motion of dye fronts in the carrier buffer
flow. A dye front near the entrance of the chamber with no field applied is shown
in Figure 1-2 and one at a field strength of 10 volts/cm near the outlet is shown
in Figure 1-3. The results for the zero voltage case are what would be expected
for flow between closely spaced parallel plates i.e. a nearly flat profile that
falls off only near the sides of the chamber. With voltage however, peaks develop
in the profile near the sides of the chamber. These peaks were found to be caused
by heating of the fluid at the membranes, this conclusion was based on correlation
with velocity predictions from a three dimensional mathematical model of the chamber
flow velocities, pressures, and temperatures developed by McDonnell Douglas Astro-
nautics Company - St. Louis Division.

Good correlation of test results with the mathematical model with no field applied
may be demonstrated by comparing the observed data of Figure 1-4 with the model
predictions of Figure 1-5. The mean of observed data (0.1890 cm/sec) is approxi-

mately one standard deviation (0.0135 cm/sec) less than the predicted mean velocity
(0.2066 cm/sec).

When power was applied to the chamber the centerline velocities were significantly
reduced by the return flow of the gravity induced convective cells evidenced by

“"thevvelocity peaks seen in Figure 1-3. In this case the mathematical model center-

line velocities were predicted to be significantly higher than the observed test
data. This indicates that the mathematical model may have underestimated the re-
turn flow for the upward convection currents at the membranes. Therefore, the
model predictions for sample residence times during test separations were less
than the actual case.

1-3
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VELOCITY PROFILE (0 VOLTS/CM)

Figure 1-2
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VELOCITY PROFILE (10 VOLTS/CM)

; ORIGH
Figure 1-3 A ;2?3:.2;\[“
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Correlation of test results with the mathematical model requires reduction of the
velocity profile data at the same locations within the chamber. This was accomp-
lished by first measuring the profile coordinates for input to a data reduction
program. These profile coordinates as a function of time were curve fitted and
interpolated by computer at the analytical coordinate values. Velocities were in-
terpolated at approximately one centimeter increments across the width of the chamber
and 20 centimeter increments along the length of the chamber. The velocities are
close to being constant, as would be expected from the flatness of the velocity
profile. Analytical predictions were made for 1463 locations in a half thickness
chamber model.

Tests were also conducted to determine horizontal centerline velocity. In these
tests seven dye streams were injected into the carrier buffer flow at equal incre-
ments across the width of the chamber as shown in Figure 1-6. The tangent of the
angle of the stream away from the vertical and the vertical velocity were used to
calculate the horizontal velocity. It should be noted that in order to avoid the
introduction of error due to the scatter in the vertical velocity test data, a con-
stant analyzed vertical velocity was used for the calculation. Figure 1-6 shows
that the dye streams are vertical with no applied electrical field indicating neg-
1ible horizontal velocity. The corresponding data reduction is shown in Figure 1-8.

The horizontal velocities from the reduced test data are generally about 10'4

cm/sec
in magnitude and either positive or negative in sign, indicating the limiting accur-
acy of the test method. The corresponding analytical predictions of velocity showed
even lower values indicating residuals in the iterated solution. Figure 1-7 shows
the dye streams near mid-chamber with an applied electrical field of 10 volts/cm.
The corresponding data reduction is shown in Figure 1-9 where the test velocities
approximate the predicted value of 0.002 cm/sec. Discrepancies are due to the
values being almost of the same order of magnitude as the accuracy of the test

method, as illustrated by the zero voltage case.
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Figure 1-7
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1.2 EFFECTS OF GRAVITY ON SAMPLE

The purpose of Task 2.0 was to determine the effects of gravity on the

particle streams during electrophoresis. The limiting effects of gravity on
sample streams in upward flow are illustrated by Figure 1-10. For a sample that
is heavier than the carrier buffer, the sample falls back around the sample input
tube. A sample stream that is lighter than the carrier buffer, however, is buoyed

SAMPLE GRAVITY EFFECTS

SAMPLE SAMPLE
HEAVIER THAN CARRIER LIGHTER THAN CARRIER

Figure 1—-10

up in the flow and breaks up into beads. To assure realism and applicability of
the results, biological materials, both proteins and cells, were used for these
experiments. The selected materials had specific gravities greater than unity, as
do most biological materials. This meant that fall back limited, for example,
sample protein concentrations, to about 0.15% by weight per unit volume. To obtain

good laminar sample streams, the protein samples were diluted to 0.12% maximum pro-
tein by weight.
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The effects of gravity persist, however, even after the sample is diluted. The
effect of gravity on sample streams that are heavier than the surrounding buffer in
upward flow is to increase residence time and to widen the particle streams. Widen-
ing of the particle streams can cause overlapping so that the desired separation

can not be obtained.

The hechanism involved in these gravity effects is that a negative buoyant force
results on the particle when the buffer is displaced by a particle with a higher
specific gravity. For equilibrium, this force must be balanced by the viscous
shear due to a particle velocity that is less than that of the surrounding buffer.
For particles the size of proteins and to some extent for cells, the velocity
difference is negligible. However, for equilibrium of the particle stream with

the surrounding buffer the force of viscous shear on the outside of the stream
must be equal and opposite to the sum of the buoyant forces on the particles within
the stream. For particle specific gravities higher than buffer specific gravity

in upward flow, the particle stream velocity will be less than that of the sur-
rounding buffer. Particle stream widening occurs under these conditions, because
the particles with Tower velocities will have longer residence times and greater
lateral movement than particles with higher velocities near the edges of the part-
icle stream. 1in upward flow therefore, the middle of the sample continuously over-
takes the leading edge, while the trailing edge falls farther and farther behind

in the lateral direction. The expected result is that the apparent mobility of

the particle stream will increase with both increasing concentration and decreas-
ing buffer flow rate.

Two proteins were separated at various concentrations and flow rates to demonstrate
the gravity effects. The two proteins used were human albumin and human fibrino-

gen. In preparation for the separation of a mixture of fibrinogen and albumin.
alectrophoresis was performed on each of the proteins using a range of field strength

and buffer flow rates. The test data was correlated with the mathematical model

by using the apparent electrophoretic mobility at the maximum flow and minimum con-
centration as a constant input. The three dimensional mathematical model used for
this correlation is similar to the buffer flow model except that it calculates con-
ditions at 1001 points in the vicinity of the particle stream and it includes both
particle diffusion and gravity effects. Test versus predicted outlet concentration
distribution for human albumin and human fibrinogen are shown in Figure 1-11.
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In general, the predicted spreading of the samples is less than for

the test data, both with and without applied electrical field, indicating that this
spreading is a characteristic of the MDAC-St. Louis chamber. In addition, the
smaller predicted movement of the proteins with the field applied is caused by
actual residence times being greater than predicted. as evidenced by the buffer
grayity effects data correlation.

Predicted gravity effects on electrophoresis of mixed proteins are shown in

Figure 1-12. The greater movement under electrophoresis in one-g is caused by the
increased residence times due to the particle streams slipping with respect to

the buffer. . Widening of the particle streams is not evident, however, because each
of the separating streams was only at a fraction of the limiting concentration.

The effects of gravity on cell samples at varying concentrations and flow rates
were demonstrated using lymphocytes. Test versus predicted outlet concentration
distributions for 33H human 1ymphocytes are shown in'Figure 1-13. Again, the
predicted spreading of the sample is Tess than the test data, both with and without
electrical field, indicating that the spreading is characteristic of the chamber.
And as in the case of proteins, the predicted movement is less than the measured
movement due to the actual residence time being greater than predicted.

Predicted gravity effects on electrophoresis of cells are shown in Figure 1-14.

The greater movement under electrophoresis in one-g is caused by the increased
residence time due to the particle Streams s1ipping with respect to the buffer. As in
the case of proteins, widening of the particle streams would probably become evi-
dent at higher concentrations or at greater electrophoretic movement.
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PREDICTED GRAVITY EFFECTS ON
ELECTROPHORESIS OF MIXED PROTEINS
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FIGURE 1-12
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1.3 EFFECTS OF SAMPLE CONCENTRATION ON ELECTROPHORETIC MOBILITY

The purpose of Task 3.0 of this study was to determine if sample concentration has

a significant effect on the electrophoretic mobility of the individual protein com-
ponents of <the sample. This is of interest because previous MDAC-St. Louis studies
showed that only very dilute samples can be processed in a one-g environment by free
flow electrophoresis, and that throughput in the microgravity environment could be
increased substantially by processing more highly concentrated samples. Instead

of diluting human plasma 70 times with water, for example, it may be possible to
process concentrated plasma samples thus increasing the sampie concentration from
about 0.1% on Earth to 28% or even higher in the micro-gravity space environment.

Questions have arisen, however, concerning protein-protein interaction at concen-
trations above 0.1% which may change the electrophoretic mobility of individual
proteins or in some other way interfere with their electrophoretic separation. If
interfering interactions do occur, then the benefits of purity, attainable in

space, would be offset by poor resolution as a result of these protein interactions.

In order to detect the pos;sib'le effects of sample concentration on electrophoretic
mobility three common ground based electrophoretic procedures were employed and
the mobilities of various proteins in human plasma at several concentrations rang-
ing from 0.109% to 28% total protein were studied.

Two of these methods, agar gel plate and polyacrylimide disc gel electrophoresis,
gave consistent reliable test results and were used to evaluate mobilities

of the various proteins. A third method, using cellulose acetate strip electrophor-
esis provided erratic data from day to day and was not used for evaluation.

Test results obtained using agar gel plate electrophoresis are summarized in
Figure 1-15 and 1-16. No significant differences in protein mobilities were noted
at any of the concentrations tested over a range of 0.875% to 28%.

1-18

MCDONNELL DOUGLAS ASTRONAUTICS COMPANY-ST. LOUIS DIVISION



INVESTIGATION OF THE

FREE FLOW ELECTROPHORETIC PROCESS

REPORT MDC E2000

VOLUME Il
MAY 1979

MIGRATION OF PLASMA PROTEINS ON CORNING AGAR GEL PLATES

RUN t

PROTEIN MEASURED

% PLASMA
CONCENTRATION

ALBUMIN

n-1
GLOBULIN

a-2
GLOBULIN

B
GLOBULIN

FiBRINOGEN

Y
GLOBULIN

DISTANCE MOVED (cm) AT 85 VOLTS; FIELD STRENGTH 15 VOLTS/ecm

7.0

35

1.75

0.875

1.8

18

18

18

v

1.5

15

NV,

N.V.

1.0

1.0

1.0

N.V

0.60

0.60

0.60

0.55

0.25

0.25

0.25

0.25

—025

—0.25

N.V,

N.V.

N.V. — BANDS WERE NOT VISIBLE DUE TO DILUTION

Figure 1-15

MIGRATION OF PLASMA PROTEINS ON CORNING AGAR GEL PLATES

RUN 2

PROTEIN MEASURED
% PLASMA -1 a2 B y
concenTrATION | ALBUMIN 1 6y oguLIn | GLOBULIN| GLOBULIN | FIBRINOGEN [ ) gpyLIN
DISTANCE MOVED {cm} AT 85 VOLTS; FIELD STRENGTH 15 VOLTS/cm
7.0 19 1.55 1.0 0.65 0.25 —0.25
28.0 19 155 1.0 0.65 0.25 —0.25
7.0 19 155 1.0 0.65 0.25 —0.25
{REDILUTED}
Figure 1-16.
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Results obtained using polyvacrylamide gel electrophoresis are shown in Figure 1-17.

In this procedure one anomaly occured.

in the higher concentrated samples.

Albumin appeared to have increased mobility

However, this apparent increased mobility is

probably the result of an overloading of the gel capacity and resultant exclusion
of a portion of the albumin molecules from the molecular sieve action of the gel.

MIGRATION OF PLASMA PROTEINS

IN POLYACRYLAMIDE DISC GEL ELECTROPHORESIS

PROTEIN MEASURED
B-1GLOBULINS
% PLASMA PRE- a-1 {HEMOGLOBIN «-2 Y
CONCENTRATION | ALBUMIN | ALBUMIN | &) opyLin AND GLOBULIN | GLOBULIN
TRANSFERRIN)
DISTANCE MOVED (cm) AT 150 VOLTS, FIELD STRENGTH, 12 VOLTS/cm
7 5.8 4.4 33 2.1 14 0
35 58 44 3.3 22 14 0
175 NV 43 34 2.3 14 0
0.875 NLV. 4.2 33 23 14 0
0.437 NV, 42 NV, 2.2 NLV. 0
0.218 N.V. 42 NV 22 NV 0
0.109 NV. 4.1 V. 21 NLV. 0
NV — NOT VISIBLE DUE TO DILUTION
Figure 1—-17
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1.4 CONCLUSIONS AND RECOMMENDATIONS

Principal conclusions of this investigation are that the carrier buffer flow is
affected by gravity induced thermal convection and that the movement of the separ-
ating particle streams is affected by gravity induced buoyant forces. Although
much has been written about the fluid convection effects, the gravity effect on
the particle streams is probably more important. It is this effect that 1imits
the allowable density difference between the particle stream and the surrounding
buffer to a fraction of a percent. And even within this allowable range of den-
sity difference, velocity variations within the stream cause widening of the par-
ticle streams during electrophoresis. Widening of the particle streams can cause
the streams to overtap, 1imiting separation capability.

One finding of this investigation is that mathematical models, if they include the
gravity induced buoyancy forces, should be able to effectively predict electro-
phoresis chamber separation performance. Additional work is recommended in the
areas of correlation with the upward flow velocities with field applied and in
testing to reliably détermine wall electroosmotic flow velocities using micro-
electrophoresis for the tested combinations of wall material and buffers.

Another finding of this investigation is that sample concentration, using ground
based electrophoresis procedures does not affect protein electrophoretic mobility
over the range of 0.1% to 28%.

This investigation should provide a starting point for meaningful comparisons of
free-flow electrophoresis chamber performance, i.e. output and separation capabil-
ity, on the earth and under microgravity conditions and additional work in this
area is planned.
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2.0 CHARACTERIZATION METHOD

Investigation of the free flow electrophoretic process required a method of demon-
strating gravity effects on both the buffer and the sample and correlating the
results with mathematical model predictions. The method selected for the buffer
gravity effects demonstration was photographic recording of either horizontal dye
front or vertical dye stream coordinates versus time and numerical differentiation
to determine velocity distributions. The method selected for sample gravity
effects demonstraticn was more straight forward, consisting of assaying the out-
let tube concentration distributions for comparison with analytical predictions.
In this section background information on the process is presented and detafis of
the characterization method are discussed.

2.1 FREE FLOW ELECTROPHORETIC PROCESS

The free flow electrophretic process as shown in Figure 2-1 is a combination of
several phenomena. In free flow electrophoresis the sample and a carrier buffer
are continuously admitted to a chamber. An electric field is applied perpendicu-
lar to the direction of flow. The force of the field on charged particles of the

ELECTROPHORESIS PROCESS

Figure 2—1
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sample rapidly accelerates them to the terminal velocity for equilibrium with the
viscous drag force, The distance particles travel in the direction of the elec-
trical field is proporticnal to their residence time within the chamber. The
increased residence time for particles near the wall due to fluid friction as il-
Tustrated in Figure 2-2 results in increased deflection near the wall. This dis-
tortion was described by Strickler and Sacks (4 ) as the crescent phenomenon.

ELECTROPHORESIS CRESCENT DISTORTION

BUFFER VELOCITY

%

WALL

WALL
N

DEFLECTION

F\\—SAMPLEPORT

7z

Figure 22

Electrocsmosis is an effect of chamber wall material and can either reduce or
exaggerate crescent phenomenon (distortion) as shown in Figure 2-3. Electroosmosis
is dependent on the potential difference between the wall and the buffer. Since
the wall is negatively charged, positive jons in the buffer are attracted by Coulomb
forces. This causes the buffer very near the wall to have a positive charge dif-
ferential relative to the bulk charge of the buffer and a force differential in
favor of migration toward the negatively charged electrode. The force differential
is proportional to the zeta potential {wall material characteristic) which is the
potential difference between the surface of the double ]ayer‘and the bulk of the
buffer solution. The force is in equilibrium with the shear force due to the

large velocity gradient at the wall. Because the chambar ends are closed, the

buffer migrating toward the negatively charged electrode must circulate back along
2-2
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the chamber centerline. The resulting velocity profile is parabolic, because the
boundary conditions are the same as Poiseuille flow, i.e. constant wall velocity
and constant pressure across the chamber. In this case, however, the velocity
near the wall is not zero and the integral of velocity across the thamber is zero
to satify conservation of mass. For these boundary conditions the chamber center-
line electroosmotic velocity is the product of - 0.5 times the wall electroosmotic

velocity, while the velocity is zero at a distance about 20% of chamber thickness
from the wails.

ELECTROOSMOSIS CAN REDUCE CRESCENT DISTORTION

63%%%%%%%%763

EC

@ //ﬁ’///////////////////@

Figure 2—3

The other principal distortions are band - spreading effects. Recognized band -
spreading effects are thermal diffusion, microheterogeneity, electrodiffusion,
eddy migration and electrosorptive spreading (5). Of these, electrodiffusion

is negligible for even moderate residence times and eddy migration does not occur
because of lack of a supporting medium in free flow electrophoresis.

For operation on Earth, gravity affects the electrophoretic process as a result of
buoyancy forces. These forces limit, (1) the allowable Joule heating in the buffer,
because of convection currents, ({2) the concentration of soluble species in

samples because of Targe sample/buffer velocity differences, and (3) the move-

ment of insoluble particles in samplies because of sedimentation.

2.2 BUFFER GRAVITY EFFECTS
The method selected for the buffer gravity effects demonstration was photographic
recording of either horizontal dye front or vertical dye stream coordinates versus

2-3
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time and numerical differentiation to determine velocity differences. Advantages
of this method include both the straight forward method of implementation and
visibility of data in the raw integral form of position versus time. Such visible
data was later to prove invaluable in providing evidence of velocity variations
that were not evident in the reduced data. Another advantage of using horizontal
dye fronts and vertical dye streams is that they facilitate obtaining the
horizontal and vertical components of velocity. Obtaining the vertical component
of velocity is important because the forces of gravity on the carrier buffer
fluid, which are caused by temperature dependent density differences, manifest
themselves as additive convective velocity increments. These vertical velocity
increments in the three dimensional case also result in convection cells which
have horizontal velocity components. Disadvantages of using dye fronts to
visualize fluid motion include the fact that most dyes are not neutrally buoyant.
This means that dyes that are heavier than the buffer, 1ike the Coomassive
Brilliant Blue R250 used in these tests, will increase the Tocal density of the
carrier fluid and induce downward slippage and attendant error in velocity
determination. Another disadvantage is that mosi dyes including the dye used in
these tests have significant electrophoretic mobility which must be accounted for
in reducing the data.

Vertical velocity distribution was determined by photographically recording the
coordinates of a horizontal dye front versus time. The front was created by
tieing into the buffer inlet plane and injecting dye dissolved in buffer over an
interval of a few seconds. This resulted in a well defined front as shown in
Figure 1-2 for an applied field of zero volts. The results are what would be
expected for Poiseuille flow, that is flow between parallel plates. To calculate
vertical velocity in this case, the vertical position as a function of time is
approximated by a second order poiynomial fit. This polynomial is then
numerically differentiated to find velocity. Data typical of the results are
shown in Figure 1-4. Here velocities were calculated at about one centimeter
increments across the chamber and at five increments along its length. When a
field is applied to the chamber, the mobility of the dye requires that the
calculation procedure be modified. Here the velocity profiles are not interpolated

along a vertical line, but along a line inclined at an angle whose tangent is the
electrophoretic velocity divided by the vertical velocity. This, of course,
2-4
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resylts in an iterative procedure to calculate vertical velocity. Electrophoretic
mobility of the R250 Brilliant Blue dye was determined from its movement in our
chamber after the movement due to electroosmosis was subtracted. The reference

data for determining electroosmotic movement was the work that Vanderhoff performed
for NASA's Marshall Space Flight Center (MSFC) that gave an apparent electroosmotic
mobility for a borate buffer/lLexan wall combination at the wall of -10.7 x 10_4 cmz/
volt-sec (6). In comparative testing the motion of R250 Coomassi€ Brilliant Blue
dye was determined to be essentially the same in barbital and borate buffer. It

was then assumed that both the electrophoretic movement and the electroosmotic
movement for the R250 Coomassie- Brilliant Blue were proportional to the total
movement in each buffer and based on this, the electrophoretic mobiTlity of R250
Coomassie Brilliant Blue dye and the wall electroosmotic mobility for the barbital
buffer/Leva wall combination were calculated to be 6.5 x 10‘4
-10.2 x 10

cmZ/volt—sec and
cmz/v01t-sec, respectively.

Horizontal veiocity distribution, which is primarily due to osmotic flow, was
determined by photographically recording the coordinates of vertical dye streams.
These dye streams were injected into the buffer flow through seven capillary
sample tubes near the bottom of the chamber and equally spaced across its width.

A typical pattern with no field applied is as shown in Figure 1-6. The tangent
of the stream angle away from the vertical to the right is equal to the horizontal
velocity divided by the vertical velocity. It was at first anticipated that the
vertical velocity used to calculate the horizontal velocity would be determined
from the corresponding horizontal dye front test; however, noise in the data
required that an assumed anaiytical value be substituted. With voltage, a typical
pattern is as shown in Figure 1-8. To reduce this data it is necessary to
subtract the effect of dye electrophoretic mobility, in this case the electro-
phoretic velocity must be subtracted from the apparent horizontal velocity.

The results of the horizontal and vertical velocity data reduction were compared
with analytical results from an MDAC-STL developed three dimensional mathematical
model of chamber flow. This model is based on finite difference approximations

to the equations of motion and the continuity equation as presented in Figure 2-4.
The equations of motion were solved subject to the simplifying assumptions given

in Figure 2-5. The principal assumption is that density is assumed to be
2-5
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constant with respect to satisfying the continuity equation and is only assumed
to be temperature dependent with respect to calculating the buoyant force terms’
in the equations of motion. As is apparent in the simplified equations the
variation in viscosity with location has been retained, so that the effect of
temperature on viscosity is included. This model was used to calculate the three
components of velocity and the pressure at 1463 locations within the chamber
including the locations at which the data was reduced. Additional points were
required near the walls to effectively model the flow, so the calculation grid
used is as shown in Figure 2-6.

Boundary conditions for the modei were buffer flow into and out of the model at
average vertical velocity and no flow through the membranes. A no slip, zero
velocity condition was assumed at the chamber walls, except for the cases with
an applied field where the wall electroosmotic velocity was assumed at the wall.
The pressure boundary condition was zero pressure gage at the geometric center
of the chamber. Temperature boundary conditions were calculated in the MDAC-STL
mathematical model composed of 1583 nodes. This portion of the model solved
finite difference approximations to the energy equation given in Figure 2-7.
Boundary conditions for the sclution of the energy equation were the input
temperatures of fluid entering the chamber and the ambient environmental
temperature.

2.3 SAMPLE GRAVITY EFFECTS

The method selected to demonstrate the effect of gravity con the separation of
samples was to assay the outlet tube concentration distributions for comparison
with analytical predictions. In these demonstrations the samples, including

both proteins and cells, were heavier than the carrier buffers. The proteins used
were human fibrinogen and human albumin, and the cells used were 33H human 1ymph-

ocytes.

The predicted effect of gravity on sample streams heavier than the buffer is
to widen the sample stream. This widening is a result of the sample column slip-
ping relative to the surrounding buffer. The slip causes the force of viscous
shear on the column to be equal and opposite to the net buoyant force, for equil-
ibrium. This means that the vertical velocity decreases toward the middle of the
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sample, increasing residence time and therefore lateral motion under electrophor-

esis. For a sample heavier than the carrier buffer in upward flow, this phenomena
causes greater lateral motion of the middle of the sample, relative to the trail-

ing edge, resulting in widening of the sample stream.

0f course, there are other factors that influence outlet concentration distribu-
tion. Included among these factors are crescent distortion, which causes widen-

ing of the distribution in the direction of the electrophoretic movements. Also
included are electroosomotic flow which, depending on its magnitude and direction,
can cause widening of the sample that can either increase, decrease, or compensate
for the widening due to crescent distortion, as described by Strickler and Sacks (4).
In addition to these effects, diffusion widens the streams by a continuous level-

ing of the concentration distribution. These effects are all well described in
theory, but in addition there are the effects of the apparatus on the separation:
that is, the stability and repeatability of electrophoresis chamber used.

Because of these variables the albumin and human fibrinogen samples were run sep-
arately before separation of mixtures was attempted. These tests were performed
varying voltage and flowrate. Voltage was varied to identify any non-linearities
in deflection with voltage. Flowrate was varied to identify the effects of grav-
ity, which would be expected to increase with decreasing flowrate because the vel-
ocity variations due to slip in the column become more significant as velocity
decreases.

After the single protein tests were completed mixtures of proteins were separated
varying both concentration and flowrate. Here again, gravity effects, that is
widening of the sample streams is expected to increase at decreasing flowrate. In
addition, since the amount of slip in the sample column is proportional to con-
centration, gravity induced widening is expected to increase at increasing con-
centration.

Gravity effects were also demonstrated using a single cell type, 33H human lympho-
cytes. The resulting concentration distributions of cells and proteins were com-
pared with analytical results from a three dimensional model of the flow and concen-
tration in the vicinity of the sample. The area modeled was bounded by the front
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wall and the chamber centertine and included encugh of the flow on ejther side of
the separating stream to minimize sample effects at the edges. Using this model
the flow characteristics and sample concentration were calculated at 1001 Tocations
within the chamber. Boundary conditions for this model were buffer flow into and
out of all surfaces of the model and a known equilibrium pressure distribution at
the inlet of the model where the sample was injected at carrier flow velocity.

* Temperature boundary conditions were calculated by an additional heat transfer

model of 1274 nodes, which used input fluid temperatures and ambient temperature
as boundary conditions.

In reduction of the protein separation outlet concentration data it appeared that
the calculated wall electroosmotic mobility calculated for the buffer gravity
effects tests as described in Section 2.2 was Targe enough that the mobility of
human fibrinogen would be negative. This seemed unlikely, so tests were run to
compare total movement of human albumin, the more mobile of the two proteins
used, in both borate and barbital buffers. Again, it was assumed that both the
electrophoretic movement and the electroosmotic movement for the human albumin
were proportional to the total movement in each buffer., and based on this, the
electroosmotic mobility for the barbital buffer/Lexan wall combination was
calculated to be -7.9 x ]0_4 cmz/volt-sec and the analytical predictions of
protein outlet concentration distributions were made using this value. It should
be noted that the wall electroosmotic mobility calculated from the albumin data of
-7.9 x 10'4 cmz/volt-sec did not agree with one calculated from R250 Coomassie

Brilliant Blue dye data of ~10.2 x 10"4 cmz/volt-sec. Because of the importance
of the wall electroosmotic mobility, it is recommended that wall electroosmotic
mobility measurements be made using a micro-electrophoresis device for the
buffer/wall material combinations tested. Also because of the lack of agreement,
further comparison tests were not attempted and the same wall electroosmotic
mobility was used for the analytical prediction of cell outlet concentration

distribution, although a different buffer had to be used to maintain cell
viability.

For the protein and cell separations the mobilities used for the analytical
predictions were the observed mobilities for those cases where gravity effects

were at & mipimum. The albumin mobility from Run 26 was 3.6 x 10'4 cmz/vo1t—sec,
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the fibrinogen mobility from Run 35 was 0.66 x 107+

mobility from Run 59 was 6.6 x 107~

cmz/volt-sec, and lymphocyte
cmz/voﬂz-sec.

2—i4

MCDONNELL DOUGLAS ASTRONAUTICS COMPANY -ST. LOUIS DIVISION



THYMAHVH L33L o't



INVESTIGATION OF THE REPORT MDC E2000

FREE FLOW ELECTROPHORETIC PROCESS Vﬁkg“fs;é

3.0 TEST HARDWARE

A balanced investigation of the electrophoretic process requires that theoretical
analysis be correlated with actual test data. The testing under this contract was
intended to verify and quantify the 1nf1uence'of gravity-dependent factors upon the
process. These factors include convection due to Joule heating of the buffer and
the effects of sample stream buoyancy.

Tests necessary to demonstrate gravity effects in the free-flow electrophoretic
process were performed with McDonnell Douglas Astronautics Company - St. Louis
developed hardware. The test hardware was setup around a free flow electrophoresis
chamber of 120 c¢cm Tength as shown in Figure 1-1. Calibrated instrumentation was
installed to measure internal temperatures, pressure, and electrical field strength.
A detailed discussion of the hardware is provided in the following paragraphs.

3.1 FREE FLOW CHAMBER DESIGN
The basic functional characteristics of the McDonnell Douglas Astronautics Company -
St. Louis chamber are as follows:

o Upward carrier buffer flow

o Paraliel upward fTow coolant jackets

0 Upward electrolyte buffer flow
Basic design features of the chamber are:
120 cm flow length in electrical field
0.3 cm separation chamber depth
8.25 cm separation chamber width
PTatinum electrodes

o o o o ©

Reconstituted cellulose membrane material

Upward carrier buffer flow was chosan over downward flow because chamber buffer
temperatures were above the temperature for maximum buffer density (4°C). There~
fore, upward carrier buffer flow was compatible with the temperature gradient that
was pasitive in the upward flow direction.

Parallel flow coolant jackets control the magnitude of this buffer temperature gra-
dient. The coolant jackets' (one on each face of the chamber, front and back) flow
covers the width and length (7.3 cm x 119.0 cm) of the carrier buffer chamber.

3-1
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Separating each cooling jacket from the carrier buffer chamber is a wall of Lexan

polycarbonate resin the primary structural material of the chamber.

Upward electrolyte buffer flow allowed the same upward increasing temperature grad-
jent at the membranes separating the electrolyte flow from the carrier buffer flow.
Upward flow also aided the buoyant forces on the bubbles (electrolysis products) in
freéing them from the electrodes.

Chamber design was based upon several previous evolutionary models developed by
McDonnell Douglas Astronautics Company - St. Louis. Incorporation of the practical
Jessons learned with previous units produced a chamber which can consistently pro-

vide sample residence times greater than ten minutes.

The 120 cm flow chamber length, & dimension considered most practical for

Spacelab integration, allowed long sample residence times. The full 120 cm flow
length was within the applied electric field. The field across the 8.25 cm wide
0.3 cm deep separation chamber was created between two platinum electrodes.

Each electrode was surrounded by flowing electrolyte buffer. A membrane of recon-
stituted cellulose material segregated the carrier buffer flow from the electrolyte
flow. The membrane porosity was picked to aliow compounds of <14,000 molecular
weight to move between flows.

3.2 ADDITIONAL CHAMBER FEATURES

Supplemental design features of the flow chamber were a manifolded carrier buffer
inlet and a 105 tube outlet. The inlet provided uniform introduction of the carrier
buffer across the separation chamber width through eight (8) channels. The mani=
fold had provision for nearly homogeneous mixing of buffered dyes with the carrier
buffer prior to introduction into the separation chamber. This feature was util-
ijzed in the first nine (9) Task 1 Buffer Gravity Effects test runs. The manifald
also allowed sample introduction into the carrier buffer flow through any one or

all of seven (7) glass capillary tubes (0.07 cm inside diameter) positioned verti-
cally on the chamber centerline. Spacing between the sample.inlet tubes was 1.06 cm.
The tubes extended into the flow chamber 3.7 cm. This feature with all seven (7)
tubes in place was utilized in the second set of nine (9) Task 1 test runs. All
Task.2 test runs had the manifold cenfigured with only one (1) inlet tube for sample.
The single inlet tube was located 2.01 cm from the cathode side membrane.
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At the separation chamber outlet, the flow exited through one-hundred five (105)

capillary (0.066 cm nominal inside diameter) tubes across the separation chamber
width,

3.3 INSTRUMENTATION

The flow chamber ftself was instrumented for measurement of temperatures, pressures,

and electrical field strength. Support equipment such as refrigerated reservoirs
were also monitored for temperature.

Temperature instrumentation within the flow chamber consisted of seventeen (17)
individual thermocouples located as shown in Figure 3~1. The thermocouples were
Type T teflon sheathed copper-constantan. The nominal outside diameter of each

sheath was 0.064 cm. At mid-chamber height (60 cm) and at the upper chamber (120 cm}
two (2) thermocouples measured centerline carrier buffer temperatures. The remain-

. CHAMBER
5.35 cm - THERMOCOUPLE LOCATIONS
4125 cm |
ts——2 86 cm
[+1.60 cm
0.32 cmi—=| I-—
0 o) UPPER CHAMBER {(OUTLET} CROSS SECTION
—C O O o O
CATHODE SIDE ANODE SIDE
MEMBRANE MEMBRANE
O
0 ls] MIDCHAMBER CROSS SECTION
—C O < O O
INLET CROSS SECTION
W
FRONT

Figure 3—-1
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ing six (6) thermocouples at each location measured buffer flow chamber wall temp-
eratures. Additional measurements of chamber inlet and ocutlet temperatures were
gathered from thermocouples located at the coolant jacket inlet, electrode chamber
inlet and both electrode chamber outlets. The thermocouples measured center stream
temperatures, and were of the same teflon sheathed copper-constantan type as those
installed within the chamber.

Pressure measurement was performed with one Bourdon direct pressure gage and two

(2) differential pressure transducers. The direct pressure gage monitored the flow
chamber static pressure at the inlet height. One each mechanical type differential
transducer was utilized to measure the pressure drop across the cathode side mem-
brane (i.e. between electrolyte and carrier buffer flow chambers) at the chamber
inlet and 120 cm heights. Pressure measurement was not intended to provide data
for correlation with analytically predicted chamber pressures but rather as an op-
erational monitor against over-stressing the electrode membranes.

Electrical field strength instrumentation within the carrier buffer flow chamber

consisted of seven (7) pairs of 0.1 cm diameter gold pins at chamber heights of
3.4 cm, 22.4 cm, 41.7 cm, 63.6 cm, 79.8 cm, 98.7 cm and 118.0 cm. Each pair of
pins were 7.65 cm apart, with each pin approximately 0.3 cm from the adjacent
membrane. Penetration of each pin into the buffer solution was approximately 0.1
cm. Flow chamber electrical field strength (volts) at each reference height was

then measured between the two pins of each pair and reduced to volts per centi-
meter (v/cm).

3.4 CALIBRATION

A1l test hardware instrumentation was calijbrated immediately preceeding the

start of contract work. A1l twenty-two (22) thermocouples, cables and the digital
readout were calibrated as a system. Thermocouple error was +0.55 C and gage pres-
sure accuracies were +0.15 psi. Pressure transducers were calibrated to an accur-
acy of +0.075 psi. Chart record pressure readings were evaluated with accuracies
of +0.25 psi. The digital voltmeter readout of electrical field strength values
was calibrated to an accuracy of +1.02 volt over the range of chamber potentials
measured.
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In addition to test instrumentation installed on the flow chamber, fluid flow meter-
ing devices in the support setup were calibrated. Each fiuid flowing through the
chamber and cooling jackets, i.e. carrier buffer, electrolyte buffer, and jacket
coolant, was metered prior to introduction at thé chamber. The flowmeters were

the spherical float type. Calibration curves were generated for each flowmeter

at the conditions of flow while installed in the test setup. Carrier buffer flow
measurement accuracy was the most critical from the standpoint of test-to-test

flow rate control. The resulting instrument accuracy was +4.0% under steady flow
conditions, over the range of test operation (20 - 40.milliliters/minute (ml1/min}).
With regard to potential sources of error in the test run data the fluid flow rates,
most importantly carrier buffer, were the greatest hardware related errors.

Support equipment included two (2) sample syringe pumps that were calibrated at the
discreet sample flow rate settings utilized during all runs. The pumps were in-
dividually calibrated for the particular syringe size used with each run. Cali-
brated sample flow rates were. accurate to +5.0%.

3-56

MCDONNELL DOUGLAS ASTRONAUTICS COMPANY -ST. LOUIS DIVISION



5103443 ALIAVYD Y3d4ng or



INVESTIGATION GF THE REPORT angfﬁgﬂg
FREE FLOW FLECTROPHORETIC PROCESS MAY 1979

4.0 BUFFER GRAVITY EFFECTS

Assessment of sample gravity effects in free-flow electrophoresis first requires.
definition of the carrier buffer gravity effects. Buffer gravity effects result
from buoyancy forces due to temperature differences in the buffer through Joule
heating. dJoule heating of the buffer causes distortions of -the parabolic velocity
profile described for Poiseuille flow. This section presents test methodology,
test results and correlation with the analytical predictions.

4.1 TEST DATA COLLECTION

Measurement of dye stream patterns was used to quantify the buffer flow profile.
These measurements plus flow chamber temperatures and flow rates comprised the
useful test data.

Preliminary to data gathering, test procedures and criteria were established. Car-
rier buffer flow rates of 20, 30 and 40 milTititers perminute (m1/min) provided a
useful range of Tlow rates with the 120 cm Tength flow chamber utilized. A range
of elecirical field strengths across the chamber (0, 10 and 20 volts D.C. per centi-
meters (V/cm))was chosen rather than applied voltage. This choice was made prior to
the initiation of testing and was deemed necessary in order to simplify data gather-
ing and presentation during the sample protein and cell studies. Sample movement
can be considered a constant function of electrical field strength, but a variable
function ofhapp1ied voltage, because of flow chamber membrane day-to-day electrical
resistance changes. For experimental control, electrical field strength was more
appropriate and so used throughout the data collection,

Uniform coolant,. electrolyte buffer and carrier buffer temperatures at the chamber
inlets are desirable initial conditions for an optimum thermal balance when estab-
1ishing Taminar buffer flow. Therefore, as part of the test protocol, uniform
temperature conditions were established at the mid-chamber and upper-chamber
(Figure 4-1).

Fluid pressure diffefentia?s across one membrane were monitored during chamber oper-
ation. This was done in order to prevent over-pressures fromoccurring during filling
of the electrode and buffer chambers which would damage the membrane material or
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seals. Differential pressures of up to 1.0 psid are normal and do not substantially
reduce the functional 1ife of the membrane material..

Carrier buffer flow stability criteriawere established to define Taminar flow.
Steady state Taminar flow was defined as a lack of time variant visible fluctua-
tions of continuous dye stream (or streams) over a five-minute period. Conversely,
Taminar flow disturbance was defined as visible fluctuations or discontinuities of
a dye stream (or streams).

Flow profile visualization was necessary to allow measurement of the buffer velo-
city, specifically the centerline velocity. Measurement of velocities without
physically disturbing the flow itself was achieved by making it visible with
Coomassie Brilliant Blue R250 dye. An instantaneous record of the velocity profile
was then possible by photographing the visible flow pattern. Neutrally buoyant
particles of size, consistency and coloration necessary for photographic recording
flow profiles were not readily available. Laser velocimetry was available, but
programmatic conflicts, cost and questions of the laser's interference with flow
chamber structure decided against this approach. Standard electrophoretic dyes
were the simplest means. Coomassie Brilliant Blue R250 was chosen because of its
visibility, mobility, and availability. Flow trials were performed to determine

a minimum concentration of dye dissolved in buffer, which would fiow well over the
test range of buffer flow rates while remaining visible the length of the chamber.
A concentration range of 1-2 milligram dye per milliliter buffer (1-2 mg/ml) was
chosen. At test temperatures (approximately 800) the dye stream specific gravity
was 0.0006-0.0008 greater than the surrounding buffer.

Buffer centerline velocity had to be measured in two parts, the vertical component
and the horizontal component, which conformed with the analytical output. Two
different dye flow patterns were necessary to visualize buffer movement due to

each of these two velocity components. The vertical component had to be visuvalized
at any instant across the entire width of the flow chamber. This meant a relatively
uniform front of dye the width of the chamber moving with the flow. To do this

dye ‘was intermittently injected into the carrier buffer previous to the flow chamber
inlet manifold. This allowed a homogeneous mix of dye and buffer to enter the
.chamber. The leading edge of the visible dye front would flow with the highest
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velocity buffer, i.e. the centerline flow. Photographically recording the advance
of the front at intervals allowed positional definition of any point on the front.
Poasition or location information was referenced from metric unit scale markings '
on the flow chamber face. The horizontal velocity component was best visualized
using streams of dye. Seven discrete vertical dye streams were formed simultan-
eousty by dye injection into the buffer flow chamber through sample ports with equal
spacings of 1.06 cm. In established laminar flow any differential horizontal move-
ment of the continuous dye streams was photographically recorded in reference to
the scaled chamber face. The crescent distortion phenomena would tend to spread
each stream. Therefore centerline buffer movement was correlated with movement of
the densest (darkest) visible portion of each dye stream.

Tests were performed in accordance with the two matrices of Figures 4-2 and 4-3.

(The tests were not necessarily performed in order numerically, however). The
first tests were the nine (9) vertical velocity component runs (Figure 4-2). Cham-
ber inlet configuration for these tests provided the uniform mix of dye and carrier
buffer across the separation chamber width as described in Section 3.2. Carrier
and electrolyte buffer solutions sufficient for up to eight (8) hours of operation
were prepared daily as described in Section 5.1. An electrolyte buffer solution
concentration (and ionic strength) five (5) times that of the carrier buffer was
used in order to reduce electrical resistance across the membrane.

Preliminary runs with photography evaluation of dye front visibility resuited in
selection of a 1.5 mg dye per ml carrier buffer solution to mark the flow stream.

A stock of this dye solution was stored at 4°C and kept for five (5) days before
being discarded and new stock prepared. For each run the dye solution was injected
at room temperature from a syringe into the carrier buffer. '

The first run conducted each day was a zero-voltage case. This allowed confirma-
tion that a steady state Taminar flow condition was present in the separation
chamber. Flow stability was determined by two means. First, a consistent stream
pattern as visualized by short period (5 second) dye solution injection, at 5
minute intervals. Second, by even separation chamber wall temperatures at mid-
chamber height and upper chamber. Here even was defined as temperatures falling
within +0.4°C of the average at each chamber height,(Figures 4-1(A) and 4-1(B)).
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The first daily run was commenced after steady laminar flow was established,

Dye was injected into the carrier buffer flow for mixing immediately preceeding
the inlet manifold. Dye injection for the 20 ml/min buffer flow cases was 8 mT/ﬁin
over a 15 second perjod. For the 30 ml/min and 40 mi/min buffer flow cases it

was 12 ml/min over 12 seconds and 15 ml/min over 12 seconds, respectively.

Timing of the run started at the first visible incursion of dye into the separation
chamber at 0 cm chamber level. This inlet plane was viewad directly perpendicular
to the flow. Timing was initiated manually. The advance of the dye front up the
120 cm chamber length was photographically recorded at regular intervals with the
elapsed time of each photograph noted. Figure 1-2 shows a typical photograph.

The number of photographs per run taken during the 20 ml/min buffer flow cases and
used for data reduction averaged thirteen (13). The 30 ml/min and 40 mi/min buffer
flow cases averaged ten (10) photographs each run for both cases.

Foliowing the zero-voltage run voltage was applied to the electrophoresis chamber
for the 10 volt/cm field strength case, then the 20 volt/cm case at the control
buffer flow rate. Carrier buffer and coolant flow rates remained the same as for
the zero-voltage case. The electrolyte buffer flow rates remained essentially
the same with only minor (<15%) electrolyte buffer flow rate increases in order
to maintain electrode chamber inlet temperatures at the same value set in the zero-
voltage cases. Electrical field strength at pairs ofdpins on either side of the
field was monitored regularly. Readings from seven pairs of pins aiong the ver-
tical were averaged. For the appliedvoltage runs, flow stability was determined
by first, a consistent stream pattern visualized as during zero-voltage cases,
second, steady flow chamber temperatures, and third, an average chamber field
strength varying not more than 0.35 v/cm over a 5 minute period. Typically,
temperatures and field strengths were recorded immediately preceeding dye front
introduction for photography.

The second set of tests were the nine (9) horizontal velocity component runs
(Figure 4-3). For these tests the chamber inlet configuration was changed to
inject seven (7) continuous and parallel dye streams into the carrier buffer flow.
The inlet for this set of runs is described in Section 3.2. Buffer and sample dye
preparations were as described for the vertical velocity component runs.
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Preliminary run evaluations selected a dye solution of 1.0 mg/mi. Total dye sample
injection rate was set at 0.15 mi/min, 0.20 ml/min and 0.30 ml/min for the 20 m1/min,
30 ml/min and 40 mi/min carrier buffer flow cases, respectively.

Zerotvoltage run flow stability was confirmed by two means. First, steady dye
streams as defined by lack of lateral movement or waivering over a 5 -minute period
and, second by the same even separation_bhamberwa11 temperature as defined for the
vertical component runs. Carrier buffer, electrolyte buffer and coolant flow rates
were the same as set for the zero-voltage vertical velocity component runs.

Timing during stream photography was not necessary with the continuous dye streams.
Photographs of the flow chamber were taken at 20 cm intervals from 20 cm to 100-cm
in height. Data reduction was later done by finding the lateral coordinate of
each dye stream as it crossed the 20, 40, 60, 80 and 100 cm vertical level.

Conditions for the horizontal component runs with voltage applied, were established
essentially as they were for the vertical component runs. Temperatures and field
strengths were monitored and recorded in the same manner as discussed previously.

" 4,2 DATA REDUCTION AND CORRELATION

Effects of gravity on the buffer flow were evaluated by the tests given in the
matrices of Figures 4-2 and 4-3. The first nine tests used horizontal dye fronts

to determine vertical centerline velocity. The results of the test data reductions
and the corresponding analytical predictions are presented in Figures 4-4 through
4-21. The reduced data for vertical centerline velocity at 0 volts/cm and 20 ml/min
buffer flow is presented in Figure 4-4. Here the velocity varies 1ittle from side to
side, as would be expected, particularly near the inlet. The expected profile

is 11lustrated by the anaiytical predictions shown in Figure 4-5; that is, a
constant velocity except in the vicinity of the membranes. It shouid be noted

that the reduced test data, as well as the photographic data, show some rounding

of the velocity profile with Tlength in the chamber as shown in Figure 1-2 for a
flow rate of 40 ml/min. This is probably the result of non-uniform heating of the
buffer and coclant by conduction through the faces of the unit. These effects do
not show up in the predictions, because a constant ambient temperature was used

as a boundary condition. Similar results are shown in the 0 volt/cm data presented

4-13

MCDOAMNELL DOUGLAS ASTRONAUTICS COMPANY-ST. LOUIS DIVISION



REPORT MDC E2000
INVESTIGATION OF THE VOLUME 1!

FREE FLOW ELECTROPHORETIC PROCESS MAY 1978

in Figures 4-10 and 4-11 for a buffer flow rate of 30 ml/min and in Figures 4-16
and 4-17 for a buffer flow rate of 40 mi/min.

The reduced data for vertical centerline velocity at 10 volts/cm and 20 ml/min
buffer flowrate is presented in Figure 4-6, Here the vertical centerline
velocities appear to be constant across the chamber at the one centimeter incre-
ments where the data was reduced. The original photographs show additional
peaks in the velocity profile near the membranes not evidenced by the reduced
data. These peaks are illustrated by Figure 1-3 at a flowrate of 40 ml/min.
The data reduction does not indicate the presence of these peaks, because it
proved impossible to reliably measure the vertical height coordinates of the
orofiles in the area near the membranes, where the slope of the profiles was
almost vertical. In addition to this, the electrophoretic mobility of the dye
shifted the dye fronts away from the cathode in the direction of increasing width
in the chamber. This caused all the points at 1.031 cm width to be beyond the
velocity profiles as indicated by the "R's" in the reduced data. Calculation
at these points would have required extrapolation instead of interpolation of
the data; a risky procedure at best. The corresponding analytical predictions,
as presented in Figure 4-7, do indicate the presence of velocity peaks within
about 0.2 cm of both membranes. The velocity peaks near the outlet are about 5%

greater than the velocity at mid chamber. Simjlar comparisons are indicated by
Figures 4-12 and 4-13 for a buffer flow rate of 30 ml/min and by Figures 4-18 and
4-19 for a buffer flow rate of 40 ml/min.

The reduced data for vertical centerline velocity at 20 volts/cm and 20 wl/min
buffer flow rate is presented in Figure 4-8 and the corresponding analytical pre-
diction in Figure 4-9. Here the analytical predictions show even higher velocity
peaks near the membranes, as would be expected at the higher voltage level. Similar
results are indicated by Figures 4-14 and 4-15 for a buffer flow rate of 30 ml/min
and by Figures 4-20 and 4-21 for a buffer flow rate of 40 ml/min.

4-14

MCDORNELL DOLGLAS ASTRONAUTICS COMPANRNY-ST. LOUIS DIVISION



NOISINIA SINOT IS-ANUVINOD SOTLAVNOHLSY SV 19100 TIINNOQIW

GL-¥

PUN BV 1y TPST ENGIMEEYTS €W WALMFER

BUFFER FLUW

WIBTH

84250
B.225
8,200
B.150
8.0%0
T.850
T+219
64194
54156
44125
3.09%
24063
1,031

400

«200
100
050
«029%
£.000

LENGTH .00

HEIGHTS » DATA = P

“+— =
20.0 100.0

0.0 FLIFIN,
FIELD STRENGTH 0.0 V/CM
BUFFER VYERTICAL CENTERLIMF VFLNCITY

T.219
1.031

5,00

IMLFT ToMp

10.00

HDAC-STL FLECTRLPHORE SIS DATA PFDUCTINN

9 €

«1805F GO
+1792E+00
+1B02F+C0
+1A09€+00
+1815E+CD
«ATHBEOD
W1748F+09

20,00

ORJGINATORY LW,

«2CH&E +00
1907E «00
«1G42E+30
+1966F +00
J1G4LE+OD
«lFO3E+00
«1727E400

40,00

«?0A4F+00
«1937E+0O
«1925E400
«1931E400
«1923E¢00
+LOLHE+0D
+1516E400

60.00

FIGURE 4-4

RICHYAN 12/79

« ?03RE4DN
« 1946450430
2 19K0F*99
10645400
+1960E+00
+»1989E+00
+1600E400

80.09

«1851E+00
S1TO5ECO
+1RP0F+00
«1916E+00
«19T74E+00
«19B9E+00
«2249E+00

100.00

110.00

115.00

120.00

BLBL AVIN
11 INNTOA

§83304d ILIHOHIOHLITT1I MOTS F3HS

JHL JONOILVEILSINNI

00023 DOW LYO43Y



NOISIAIO SINOT LS-~-ANVIWOD SHHLAVAMOMHLSY SVYT2R000 TTANNOQOW.

g9l—v

RUN N0,

HDACwSTL ELFCTROPHORESIS ANALYSIS PROGAAM

ORIGINATORS DWW,

RICHMAN 9778

Lo TEST #HGINEERT C.0s WALKER
BUFFER FLONW 1040 MLZMIN, THLFT TCMP 6.9 €
FIELD STRENGLTH 0,9 Y/CH4
BUFFER VERTICAL CENTFRLINF WFLOCITY
HIDTH
8,250 L1347 4+00 O, G, O, [\ O [+ 39 0 L1
84225 LI34TF400  GAULF<01  LATA4F=01  (TO0AF~01 W70%at =31 GTORLF=0) LTI1AR=N1 ,TLS5F=01 TL827-01
84200 413470400 L11937400 JHI9BE#D0 W 1P01F400 J1206E400 12116400 <1PVAFSD0  L1221E+00  ,12250 400
BelB0 2134TF400  JITTIFH00  JATTLF400 L ITT30400 J1TTTH00  J17ULERO0 L 1TASE400 JL1THIF400  L1T9IE+00
60050 134TFH00 20747400 L2013F 400 20024E+00 L2036F 400 20306400 20L0F+00  LPO42E+00 «20450 400
72850 413477400 LP052F400 L20AIF 400 L 2065E400  7066F400 L2D6RE0D  LP0RDE+N0  ?077F+00 22075E+00
740219 «1347F400 420535400 2044F¢00 | W20656+400 J2CGOTE#N0  J2068E+400 LPNTOE+00  (2077E+00 2 2075k 00
6,188  L124TE400 L2057 00 20626400 | 20636400 20696400 L2065E400 20677400 oP069€+00 | +2071F +00
Sel56  o134TF400  42052F400 L20A2F400 | 42063E¢00 7064L+¢00 20656400 L206TE+00 J20A0E+D0 +2071E «00
Gel2% JI36TFH00 L2057 F+00 L2062F+00 | 2063E¢00 +2064E400 o2009E400 J206TF400 (20A0F+00 | «2071E+400
3.094  JLDGTE400 L20957E+00 4 2007E+400 | J2063E40U0  2064E400 L2065E+400 ,706TE400 L,2069E+00 «2071E 00
24063 J1V4TEH00 L2057E000 J2062F400 | J2063F400 J20L64E4N0  L2065F400 20ATF+30 «2069F+00 [ L20T7IE+00
1031 213476400 J2053E4N0  ,2063F400 | J20A5E¢00 (2067E400 LZ06RE4I0 L 20T0F+90 ‘.?0725000 «2075E+00
#5400 L L34TF400 L2057E¢00 L20A2E400 205646400 L20L0E#00 «206TE400 4 2060F400 w20TLE+Q0 L 20GT4E+00
«200  J134TE+00 (20256400 J203VE+00 L2035F+00 L2037€+00 .2Z039E+00 20616400 2044F+00 «204TE+0D
100 J1347F#00  JLTTIF400  LAT74F400 L1TTGE+00 - 17B4E+00 .1T9CE+Q0 «1795F400 418017400 L1BO7E+00
#0530 J134TE400  L1199E+00 L1202E+00 J1209E+400 12176400 L12256400 12326400 L1279€400 +124%E400
«023  J1GTF400 L698BF-01 (TOL4E-0L oV065E=01 o7133€=01 L7191E-01 .7242F=01 «7?90€E~01 LT32BE-OL
0,000 L1347E+00 0, 0. O 1Y 0. O 0. 0.
LENGTH 0.00 5. 00 10.00 20400 40400 60400 00,00 100.00 110400
t G .
20,0 100.0
& 7,219 FIGURE 4-5
i 1,031
HrLENGTH

s
4 TNRHG

N HOOd 3

& ] ’w
5 30

A

O 1+ 1]
«T2IIE~0L  o1347H400
#12298400  L13&TL400
«1796E 400 L L34TE40D
«2051F400 L 1347E+00
«20B1E+00  L134TE400
+2082E+00 L134A7E+00
+2077F400  L1347F+00
«2077E400 413476400
«207TEHQOD L 1347E+00Q
W207TEHOC 1347400
«POTTE40D L 134TE+QD
SZOBLE+0D  L134TE+00
#»20BCE+00 L1347F+00
$2056F400 JXIATE4QO
«1812E400 1347E400
21250400 <1247E¢00
«TIGOE=01 4134TE+Q0

Qe D.

115.00 120,00

BLEL AVIN
H AWNT0A

§S3504d JILIHORI0H19313 MO 14 I8

JHL 40 NOILYDILSINNI

00023 OGW LY0d43d



ANOISIAIG SINOT LS~ ANVAWOD SOILNMYNOHISY SV 1ID0a TIINNOTIW

-y

MDAC=5TL [LECTRCPHORESIS DATA REDPUCTIAN
ORIGINATORT DoWe RICHMAN 12/78

RUN N3 25 TECT ERGINFFI: CoF, WALKFR

7740 ¥LIFIN, INLST TFMP 745 C
FIELD STOENGTH OQ.A V/(®
BUFFER VERTICAL CFNTFRLINF VFLACTTY

BUFFER FLOW

NIDTH
Be250
B.225
B8.200
#e150
8.0%0
T7.8590
T.219
6.188
5,156
h,125
3.094
24063
1.031

«400
200
+100
1050
2025
0.000
LENGTH

D400

HEIGHTS > DaTa « P

“«— G

20.0 100.0

7.219
1.031

W15R6F 00
1495E400
ITPTE LG
«172LE+0D
»1730E+L0
+1699E+0]

R

G OO 10.00 20.00

V15567400 LLES9E400
J1765E400  JLTC2E400
V17656400 L169TES00
(17656400  L1697E+00
(1720E400 .16BTF+00
«1715E¢00 +184BE+00
R R
40,00 60400
FIGURE 4-6

«1917F+00
«1735F+07
« 173714030
W1T4EF 20
«167QF+00
+ 1021 E+00

L}

80,90

«150AF4OC
«1409E+00
«1436F+00
«1544E+00
«1530F+00
«1809F+00

R

100.00

110,00

115.00

120.00

6L61 AVIN
11 IANTOA

$$3208d 31LIFHOHL0E19713 MO F3H4

FHL 40 NOILVOILSIANI

00023 DaW 1HOd3H



NOISINIG SINOT AS-ANVAWNOD SOILMNMVUNOMAISY SV TIIMOO TISNNOOOIW

8i—+v

RUN NO.

FIELD STRENGTH

2> TEST FNGINET2t C.P, wALKTH
BUFFER FLOW 10.0

BUFFER VERTICAL CENTERLINF VFENCITY

WIDTH
84290 41347400
84275 (13478400
84200 4134765+00
84150 41347F 400
8.050 J1347F+00
7,650 41347F+00
74219 13476400
64188, 413475400
5.156 L1347 +00
44125 J13ATE 400
3.09%  L134TE¢00
2.083  J1347F+Q0
1,031 ¢1347F+00
1430 L1347F 00
200 L1347E 400
+100  1347€400
050 413478400
025 413477400
0,000 41347F+00
LENGTH 0.00
+—G
20.0 100.0
- LENBTH

7.
'l

MDAC~5TL fLECTROPHGRESIS ANALYSIS PRAGRAN
ORIGINATOR: DsWs RICHMWAN §/7A

ML IMTN e INLFT TFHP 7,5 C
9.8 VICH

0, Q. 0, 0, G 0. b 0.
WT205F-01  4TIN0F-01L +7343E-01 L735%6E~01 «7421E-01 7504F=-01 L7580F«01 ,7740£-01
#L253F+00  J1PT4F400 412626400 L1260E+00 L126RE+00 17870400 12926400 ,L1321E+00
+1851FeN0  L1BT75F400 <1655F400 J1B4TE+00  I1855E407 L1889F+00  ,1980E+400 ,1916E+00
+2065F400  JP0%4EH00  20H4F 400 L2CH0E€¢0D L2085E+00 J2094F+00 J2102F400 ,2126E+00Q
12055400 LPNTSFN0  L2073F400  LP0TIE#D0 L 2076E+00 L P087F+30  ,?089F+00 ,Z095E+00
WO04TEL OO0 L2047E400 | + 20635400 42063E+00 L2066E400 L2060F+00 20725 +00 | J20TYE +00
«2CHIFE00  L200TF400 | »205T7€400 470580420 47000E+4D0 L P062F430 L 2065F+00 | +207)E +00
+2061F+00  (205TE400 | 42057F 400 L2050E+00 J2060E+00 +2062F+00 70658400 | +2071E+00
«P04IFE00  LPOSTEH00 | J2057F«00 L Z05AE+30  .2060F+00 L20A?F+00 ,2045E400 | L2071E+00
+Z04IFL 00  (2057E400 | 4205TE+00 20585400 L2CH0F400 20676400 JPO65E400 | «20716+00
«2093F400  L2057F 400 ] +205TE+00 220548100 LZ2060L+00 470H7F400 20656400 | 42071E +00
«2064TE400  L20452F 200 | J2062E+00 L2063E400 42065400 ,?NAGF400  L2072ER+00 | 20 79E+00
220557400 L20T4E+D0 20726400 +2072E400 20756400 J2079E400 20847400 L2094 ¢00
«206VE+00  42097F400 L20R3E400 L2000E400 20BTE400 o2099F400 o2108F400 L213% +00
+185BE400 ,1890L400 J1ATIE¢00 J18TOF¢00 L1BB4E+00 . 1G06E400 L1924E400 <1973E+400
+1281E+00 L1309F+00 J1296E¢00 .1299E¢00 ,1316E+00 L1338F400 L13566400 L14C1E+00
«TATTE=01  oP663E=-01 +T7611E=01 oT66LE=0L +77UIE~01 o 7929€=01 ,LB05LF=01 LB332E~01

0 O 0. O Ce 0s O« Oe

5.00 10.00 204,00 40400 60400 80.00 100.00 110.00
- FIGURE 4-7
a3t

0.
«B043E~-0)
« 13740 +00
«1985F +Q0
221760400
2211TE+00
+2093F+00
+2082E+400
«20B2E400
«20HZ2E0400
«2082E+00
«Z2082F+00
«Z09LE+00
«2114E+0Q
«2189E400
«20¢5E+00
«148TE Q0
«8869E~01]

O«

11%.00

0.
«1347E+00
«1347£+400
«134TE+00
«134TE+QD
«1387E+00
«134T7E+0QQ
L3474 ¢00
«1347F+00
«134TE+00
«134TE400
«134TE*QC
«I34TE+00
+134TE+Q0
«L34TE+O0
«134TE+OD
«134TE+QD
«134TE+00

'8

120.00

6L6L AVIN
11 IRNT0OA

§53304d HLIHOHIOHLITTI MOTL 3354

FHL A0 NOILYILLSIANT

00023 DO LHO43d



NOISIAIG SO T LS~ ANVYINOD SOHLAVNOMNLSY SV T2IOQ TIINNOTON

Bi—t

PUN KUy Y TEST PHOTNEEP S Coly WALKFR

BUFFER FLOW

¥IDTH

8.2530
B.225
8.200
8140
8,050
T.E50
T+219
6.1d8
5.150
44129
3.094
2,063
1+03)

400

«200

«100

«050

025
0.000

LENGTH

7340 PL/PING
FIELD STRENGTH 20,0 V/IH
AUFF{v VERTICAL CENTCRLINF VELOCITY

.00

HEIGHTS > DATA « R

+—0G

20.0 100.0

1 .03}

7.218

5.00

10,00

BOAC=SIL TLICTROPHURE SIS MATA RFMECTINN
ORIGINATOR S DeWe RECHMAN 12773

INLFT T¥HP T47 C

«1305F +00
«1379E+D0
11530F 00
LRI
+ITI7E4GO
+1712E+00
ebl&PEGD

20,00

12726400
«14330400
«143TE ¢00
s1452F +00
«1428F+00
+2021E 400
2936420

40,30

«1310E400
«1178£400
+1411t+00
«15B3E+00
«1TCRE+OD
+3IATEHOO

R

60,00

FIGURE 4-8

1989501
2 1164F+0%
«1390F+00
«1439F+00
«2640F400
«2633F 400

R

80,09

R
R
«1096F+00
«1306E+00
«3339E400
R
R

100.00

110.00

115.00

120.00

GL61 AVYIN
I ANNTIOA

553004d JILIHOHIOHLITTI MO'Td I384

FHL 0 NOILVYOLLSINANS

000Z3 QAW L8043Y



NOISIAIQ SINO7T 1S-ANYdINOD SOILNRUNONISY SYTOI0O T IINNOaIN

oz—v

RUN NO.'

3y TEST EHGINEER! CeDy JALKER

HBAC-STL ELECTRUPHORES IS ANALYSIS PROGRAN
ORIGINATORE DaWe RICHMAN 9/78

T e
7 &
. 2

T e
{‘)n’a
S
FE
L
NS

&

BUFFER FLOW 10,0 HL/MINs INLET TEHP 742 C
FIELD STRENGTH 20.0 Y/CM
BUFFER VERTICAL CENTERLINE VELOCITY
LiTAL
8,253 L1347E+00 0, © Q. 'D 0. Do 04 Qe Oa ' LY
B4225 W134TE400  JBB6LE~0L +F172E-9)1 oB590E-01 ,8384E-01 +B519E=0]1 o+ 8795E-01 +9009E~01 +9891E~01l° ,1207E+00
Be200 G134TEHGT  J1507E400  o1610E400 14945400 o+ 1444E+0Q +1402F400  J2508E400 J1543E400 LITUIE4O0 o 21D8E+0C
BeL50  L234TE400 L2ITTEeC0  W2336E+00 42L76E¢00 4ZL00E400 L211TE+00 2 2ITIE400 4221646400 L2419E403 ,2958E+00
Ba050  J134TE4D0  2220E«00 o2331E400 J2261B400 22ZiT2400 2« 2263F400  L2200E+30 L 2300FE40C o2630E#N)  ,2732F+2D
4830  J134TE4J) 20716400 +2110E+400 +2096E+400 120095400 L 2096E400  J2L0BE400 L 21196400 L2156E400 ,2229E+20
Te2l9  WRI4TE+QT 4 203LE400 29396400 | J2050F+00 . 204BE40D S20B2E43F 4 29%0€+00 20440400 | 420P1E400 L,21)14E+0¢
64188 (1347E400 (20235400 L2042E+J0 ) +2038F+L0 W 2037E400 $2040E400  L2J45E42D L 2050E400 | +2062E+00 «20BQT4+0C
S5.150  (134TE400 (2023E+400 L2042E4)0 | «203BE¢00 4 2037E+09 2040E400  J204%E400  J2050FE490 ] 42062E430 L 20895400
40125  L1B4TE4OD  L2023E400 L 2042E400 | +2D38E400 L 203785+00 2D60E4DD  L20545E+430 L 2050F4C0 | » 20620400 L, 20895400
3098 J134TE400 S 2023E400 20426400 ) J2030E+00 20376400 22040E400 4 20458+00 < 205CE+00 | +2062E400 , 2089E+00
24063 JII4TE4DD  (2023E+400 42042€499 | +2038E400 o2037E400 L204DE+00 «2045E400 L 20C50E40C | +2062£4D) ,20895+0C
1603l L1347E+03  2931E+00 2054400 | +2749E400 4 204TE+00 220506400 220575430 L2062E¢CC | J2079F400 ,2112E+00
#8430 J134TE400  L2I69E4Q0 o210BE400 420946400 2987E¢+00 «2JFRE4DI0  LZ10GE400 L2VLITE+DO W2152E+403 L 22276400
2200 L134TEH00 L2219FE400 .23358400 L2271E+400 .2243E+00 L2267E400 023145400 o 2355E400 #249TE+40) L2853E+00
100 J134TE400 422716400 42994E+00 o2316E400 L2249E490 +2IIZE4DY S 2406E400 +2491E400 +2BLTE4DO 37288490
2030 J1347E+00  (LTLLE4Q0 LL9LTE+00 L1729E400 16756+00 sl736E40) S 1BA5E400 W1933E400 +2284BE400 ,3161%400
2025 L134TE400 L1010E+00 +1138E+00 +1032E+00 <10L0E+00 L10558+00 «112TE+Q0  2L1B%E400 «1399E400 o 1947E+00
0.000 L134TE+00 0, ' G Q. Go ') Qe 0. 0.
LENGTH 0:00 5.00 10420 20,00 40.00 60.00 80,00 100.00 110.00 115.00
«—G '
20.0 100,00
7.219 FIGURE 4-9
1.031
[ LENGTH

C.

W 134T7E+Q0
s 13&TE+OD
2 1347E400
e 13ATE4CC
W 134TE+OC
W134TEHCO
PELYARIN ]
«134TE+DD
s1AGTE+DO
LY £Yi1]
fLASTELQD
«134TE+CG
«134TE+00
«L34TE*O0
»134TE+00
+134TE+D0
«1347E400
Qe
12000

6461 AVW
11 INNTOA

S83208d 21 IHOHIOHLIT 1T MOTS FTHS

FHL J0 NOILVIILSIAN!

po0Z3 OAW LHO43Y



NOISING SINOT LS~ ANVANOD SOILMNVNOMLISY SY 1900 TIINNOQINW

IE—b

beiom

RUN NNe 4 TFOT ENCINFF21 C,1,

BUFFER FLNOW

300 FLIMING IPLET ToMP

FIELD STRENGTH 0.0 V/CM
BUFFER VERTICAL CENTERLINF VFLOLITY

WIBTH
84250
B.275
8.200
B.150
8.050
7.050
T.219
ST
5,156
4,125
3,094
2063
1.G31

S 400

+ 206
.100
+050
.025
0.000
LENGTH

1

.00

HEIGHTS > DATA = R

4+—0
20.0 100.0
7.2t9
1.031
e LenaTH

5. 00

WALKFF

10400

FOAC~STL ELECTRLPHORFSIS MATA REDUCTINN

6.3 C

+ZHhARK +CO
1 2T95F +Cy
12929F G0
«20R3E4CO
+3229E+00
BLTAF 400
2TTHE+QO

20,00

DRIGINATOR: DK,

fZHIGEA00  L2E4TL+00
s2TILE+0D  S28IBE100
«2h2IE400 J2B8T4L+D0
«2HILE4D0  22912L+00
+2TB5E 400 L2BT6F¢00
+2756E400 L,2769£+00
+2THTE+00 227316400

40,00 60.00

FIGURE 4-10

RICHMAN 12774

W PTTAF 40D
PP LF 400
»70?72F+00
790 TE+N
« 315 9F 400
«2908F+00
«?9THE+D0

80.00

«268%F 400
«?HAF 400
«2B858F +00
« 78256400
«2829F+00
2 2811F400
«2816E400

100.00

110.00

i

115.00

120.00

6461 AV
1 3WATCA

§S3304d I/ LIHOHIOHLITTI MOTS 3744

FHL S0 NOILYIILSIANI

00023 2AN LHO43 Y



NOISINIG SIHOT LS ~-ANVIWNOD SOOILAWVNOMLSY SWTI10a TISaNNOaIW

¢

RUN Nf.

Gy TEST ENGINEF1 CoDe WALKFP

BUFFER FLOW 15.0

FEELD STRENGTH

MDAC=STL ELECTROPHORESIS ANALYSIS PRNGRAN

ORIGINATORT DeMe

ML/MINy INLFT TFHMP 4,31 C

0.0 V/CH

BUFFER VERTICAL CENTERLINF VwFLOCIYY

WIDTH
8.250 .2020F+00 O.
Be27% 420707400 LLD5IF+00
8,200 ,2020F+00 ,1B01E+0N0
Bal50 20208400 J2454E400
8,050 L2020F+00 .3D34E400
7.650 L2070E+00 43073E+00
Ta219 L20208¢00 LI0H2E+N0
6,188 L2020F+00 L3079E+00
54156 +2020F+0D  L3OTIF+00
4,125  L2020F+00 L,307IE¢Q0
3.09% L2020E+00 L307TIE+00
2,063 L2020F400 ,3079E400
1,031 +2020F+00 ,L2079E+00
«4D0  42020E+00 L3I0TIE+Q0
0200 J2020E+00 ,3034E+00
«l00 20205400 .26556400
«050 42020E+00 JLBOLE+OD
+02%  L2020E+400 L1053F+00
0.000 L2020E+00 O,
LENGTH 0.00 5. 00
+—— G
20.0 100.0
7.219
.03
HrLEnaT™

0.
« 1057 F 400
«14J3E+00
#26607 400
«3NSHF 0N
=105 F 400
«I0TRENO
IN5F 400
3095 E 400
«3099E+00
«INI5E+00
«3095F 400
0 3036 E 400
+» 3095 E+00
«3050E+00
« 26A2 E Q0
«1B06E 400
«105&E+00

Ce
10.00

RICHHMAN 9778

[+ D 0. 0. O 0.
«10S4E+00  JLCSBE+00 10628400 L1065F+10 109400 L1072E+0D0
«IBOGE+00 S1011E+00 L1816E+00 1B21F+70 L192hE400 L1B31E+00
f2606IE400  LJ2OLTE+00  L26T1E400 26756400 L267T9E+400 L26b63F+00
+3052E400  L3054E+00 20566400  LIDSAFH00  LI061E400  L3A064E400
+I0FTF400  L3099L 400 LILONE+OD LA102F400 L 1105F400 31CAE+00
3098E 400 J3100E4J0 _G3L0LE+00 JILOIF+Q0 LIL0AF400 | «31CYE+00
309467400 L309BF 400 L30990400 LIINLF400  L3103F400 | +31CHE+00
v096E400  JIOBE®I0  L3099E+00 (ILOIF4I0 (I103F+400 | +I106E+0D
«3096E+00 +3098E+00 L3099€+400 L3101F+90 43103E+00 | +3106E+00
«A0R6E+00  LI0IBE+O0  JIOQYUGE00 LVLOLE+AN  L3103E400 | +ILC6E+O0
«30946F400  L3090E400 43099400 «ALOLE400  3103F+00 | 4 310€E+00
+309BE400  J3099E40C  «31GLE+QD  L3103T4N0  .IL0SE+00 | I1LAF+00
23096E400  L3098E+00 J3100E+00 I102E+70  IL04F400 L310TE+00
+3053E¢00 L3055E400 L305TE+O0  «A0ANE400 LI0RZE400 4 306LE +00
s26GTE+00  o26T3E400  L2679E400 (2485F 400 L2891F¢00 L 269LE+00
+1813F400 18226400 S1UI0E400 L 1BITF400 L1B44F400 J185CE+00
+10%9E¢00 J1066E¢00 LLO0T73E400 L107AE+00 LL0RIE+00 L10BYE+00

0 0. Qs 0. O Q.

20,00 50,00 60,00 80,00 100.00 110400
FIGURE 4-11

D
«10T5E+00
«1837E+00
+2691E400
«30TH5E400
«3120E 00
«3121E400
31178400
431170400
+IL1TE+QD
+311TE4QO
«311T7E+00
»3120£400
«3118E+00
«I0OTHEHQD
+ 27056400
+1857E400
+1092E+00

O

11%.00

Cs
«2020E4+00
«2020E+00
«202GF+00
«2020£+00
«2020E400
2w202GE+00
+2020F+00
«2020E+00
«2G2CE+QQ
«2C2CE+00
«2020€400
«2020E+00
«2020E+00
«2CZ0E+0D
«2020E+00
«2020€E+00
+2020E 400

O

120.00

6L61 AVIN
11 INNTOA

S§$3008d JIL1FYOHIOHLITTI MO TS ITHS

FHL 40 NOILYILLSINNI

00023 DA 150434



NOISINAIG SINOT LS -ANYAANOD SOILAVNOHISY SYTO10a TIINNOAIW

A

MCAG=STL ELECTRULPHOKESIS DATA RFDUCTION

PUN N, 5y TEST FNARIMEFPT Cub, WALFER
0.0 MLIZMING INLET TPmp 6,7 C

BUFFER FLOW

FIELD STPENCTH 1041 W/CM

BUFFER VERTICAL CENTFPLINF VFLOCITY

®IDTH

B,2%0
Be225
8.2N90
B.150
B.050
T.A59
Te213
6.188
50136
hel25
3,004
2+083
1,031

«400

2049

+170

«C50

2025
C.000

LENGTH

0.0

HEIGHYS > DATA = R

+— G

20.0 100.0

7.219
1.031

prienom™

«78RAF L0
W 2930E4GCO
2 J02EF GO
«3013E4G0
s 2945E4C0
s 2ZBRCE+00

R

5. 00 10.00 ?0.00

ORIGINATORS DaWe

22630E 400
«2659L420
~26TCE400
+264TE430
+2615E+400
«2503E+00

R

40,00

=«1LT9E+0]
«2591E400
«261LE400
«2580E+00
W2498E+00
«24FZECD
R

60.00

FIGURE 4-12

RICHMAN 12/7R

«5041F400
«3773F+70
+31A1E4+D0
+30RIE+00
+3014F+00
+1200F+00

R

A0.00

2 2974E+00
«3498F 400
«3TS2F 400
«ILBOE4DD
«3690E+00
«410%E+00

R

100400

110,00

11%.00

120.00

BLEL AVIN

11 3WNT10A
00023 JAN 15043

§§390Hd IILIHOHIOHL1ITTI MOTS I35

JHL 40 NOILVEILSIANI



NOISIAIG SINOT A4S -ANVINOD SOILMTYVNOHISY SYT9n0d TTIINNOTIW

A

RUN NO.

Gy TEST FNGINFI1 £,04 WALREP

BUFFER FLOW 15.0
FIELD STRENGTH 1041 V/CH
BUFFER VERTICAL CENTFRLIMF viLOPEITY

MDAC=SIL ELECTPUOPHORESIS ANALYSIS PINGRAY

URIGINATORT Ol

MLZMIN, INLFT TEMP 6,7 C

HIDTH
B.250 L2020F+00 0.
Be225 42020E4+00 L1075F+00
B.200 .2020F+00 L1B8%1E+00
Bel50 L2070T400 L273I0F+00
B8.090 +2070E+00 43074F+00
TeBYG 420206400 L3INR?F+00C
Ta21% 420205400 J3074F+0D
6,188 L20200+00 .3072F+00
54156 +2070F+00 +3077E+400
4a125 L2070E400 L1072 F¢00
3,094 L2070F¢00  LI0T?F4+00
2¢063 20206400 JI0T2F+0N
1.031 2020F+¢00 ,L30T4F+00
«&%00 +2020E¢Q0 +0B1E+00
200 +2020F¢00 30T2E+00
2100 +2020E+00 L2TIBF+N0
050 JZ020F+00 J1AYRECOD
2025 +2020E400 L1096F¢D0
01000 «2020E+00 O,
LENGTH 0. 00 5.00
+— G
20.0 100.0
7.219
1.03
b LENBTH

B
1085F +00
«1BATEHDD
W ?THHF +00
«310TE+00
+«I106F +00
«INI5E+00
«I0TTE+OD
<1091 F 400
«J0FLE+0D
«1031E 400
#1091 E+00
+IBISE 400
LILOSE+DD
+ILOGE +00
22TTIF400
«1206 E 400
+1115E+D0
0.
10.00

RICHMAN 9778

0. 0. Q. Ne G 0.
+1GATF 400 L10B3E+00  L1089E+00 L109AE+NN L11046F+00 L1119E+00
+IASBECOG  (IURTE4D0  L1B6SE+Q0  L1877F¢00  L18BBE+00 L1914E+00
W27IRE400  J2ZTILEC00  L273BE+I0  L2T51F+00 L2761F+00 (2794F+00
+3098E 400  +3094F400 30996400 L 3I1DME+N0 LI115E400 .313BE+00
+»3105E400  L3105E+400 SILOHEAO0 L IV12E#90  ILI7E4Q0  L3127E+00
«I006E40C  JAUYTECOO  L3I099F+D0 L3L0?F¢N0  L3AL0ARE+00 | L3112E+C0Q
«30915400 L3092E400 L3I0C4E400 L309TF+00  HI1N0E+00 | 43105E+00
+30G1E+¢00  JICOZ20400 <3094E400 LI09TF+20 L 3100F+00 | J3LGHE+00
+3091F400 LA092E+00 W3094E400 L 3097F+00 <VL0OE+00 | ILGEE+OO
+3091E4C0  LI09?E+D0  L30Q4F+0N  L3097F+00  LI100F+00 | 231056400
+309LE+00  L30920+400 LI094E400 +I097F+4N0  JILNOF+00 | W I10HE+00
«3095F 400 L3096F 00  L30YBE400 ILOLF+I0  LI105E+00 | «IT1LE+00
»31046400  JA10GEHD0  L3IICTESO0 SFIL1LE#D0 ILLIGE+00  .3125E+00
«309BE+00 3095400 +3R02E+400 43112F400 (31226400 L3148E+0QC
o 2756E400 J2753E400 L2T6TE400 L 2TBAF+D0  L20805F+00 42052E+00
+1B9GE+Q0  L1B9TECOD  219)14€400 L193AE400 J1054E400 L1998E+00
oLL10E+00 411156400 1128E400 J11&42F#00 LL1155E+00 L1182E+400

OI 0. 0- 00 nl 01
20.00 40.00 60,00 80.00 100.00 110,00

FIGURE 4-13

°|
«114BE+00
«1965E400
s 20062E400
«3190F 400
+31%3E400
«313CE+00
«3121E+00
«3121E400
«3121F 400
«3121E+00
«3121E400
«3129E+00
«31E0E+0Q0
+32064F+00
v 2944E+00
+»2082E400
+1236€+00
G
11500

0.
«202CE+00
«202CE+00
#»2C20E+00
«2020E+00
«2020E+C0O
«2020€+400
+2020£+00
«2020F+00
«2020E400
» 20200400
+2020E+00
sZ2LZ0FC00
«202CE+00
+2020E400
«Z02CE+00
«2020E4+00
«2020E+00

G

120.00

GLEL AVIN
11 INNTOA

$S3304d I1LFHOHJIOHLITTI MOTS F3HS

JHL 20 NOILYIILSIANI

00023 24 LHOd3y



NOISIANIG SHTOT 1S - ANYIIVNOD SOLAVNOMEISY SV TS T TINMNNOTIN

SZ—t

~
~

MDAC-STL LLECTRCPHOKESIS DATA RFRUCTINN

RUN MDY 6 TEST ENGIVEFRSY CuD. WALKFR
37,0 ML/AFTIN, THLFT TEHP 6.3 €

BUFFER FLOMW

FIELD STRENGTH 2C.2 V/CM

BUFFER VERTICA. CENTERLINF VR NCTTY

WIDTH
84250
8,225
B.200
84150
B.+050
Te840
Te2l?
halna
Jel56
40125
3.69%
2.063
1.031

400
«200
2100

£ 050
025
0.000
LENGTH

0.0C

HEIGHTS *> DATL =

G

20.0 100.0

§.031

HLENGTH

7.219

~

23618400
$24%2F 400
«2516E+C0
«2552E400
w2523E400
o 7HHEE D0

R

%00 16400 20.00

ORIGTNATOR ! DaMe

+76T72L 400
«25%37F +00
«2433E¢00
«2469E+00
»2534E 400
«Zb04E+Q0

R

40400

FIGURE

«2170E+00
J166E00
«2331£+00
«2349E400
«2359E+00
«JU01E+00

R

50.00

4-14

RICHMAN 12778

«19ART 400
«2294F 400
«2406F 00
»243ANF+00
«2335F 400
«1233£401

R

A0.00

«1AS2E+0D
+3130F+00
«2798E 400
«3121F+00
«3270F 400
=+ 3I790F 400
R

100400

110.00

115.60

120.00

6461 AVIA
11 IWNTOA

$83304d 311FHOHJIOH 13373 MOTS 335

JFHL S0 NOILYDILSIAN]

00023 9GW LH0d3d



NOISIAIT SINOT LS -ANVIAOD SOILAVYNOMISY SYT90d TIINNOaQIW

9e—¥

I-»nom

RUN RO,

i

6s TEST EMGINFFY: CoDs WALKER

MOAC=SIL tLECTRUPHORISTS ANALYSIS PRAGRAN
ORIGINATORS® DeWe RICHMAN 9/77A

.

BUFFER FLOW 15.0 HL/MIN, THLET TEMP 46,3 C
FIELD STRENGTH 20,2 V/ICH
BUFFER VERTICAL CENTFRLINF VFLNCITY
WIDTH
8,250 20205400 O, 0. Qs Ge Ca Ds 0. Qe
84225 42020F+C0 L1I95F400 L.1255F400 L1204F+00 L116KE+00 L1200F¢00 L1224F+00 .1246E400 L132BE+00
84200 2020F400 L20RTF+30 L2176F+00 J2003E400 42038F+00 20566400 21006400 L?7133F400 ,2284E4+00
8150 L2070F+00 L3029F+A0 LILRS5E+00 L 30ABE*OD 2969E¢00 2YETLH+00  L3041F+00 L30T9E+00 ,3273E+400
84050 J2070E400 L320AF+00  ,331GF400 L3255E400 43224E400 <3239E+00 432740400 ,3302E400 434146400
TeB50 22020F+00 +I00LF+0N L3134F4¢00 L31P7F400 LILL6E 400 L3123E400 «3134F 60 41144F400 431766400
Te219 220720400 430%8F+90 LIDARSE00 | +30A7E+00  IOHOE+00 L3084E+00 ,3090F+00 L309AE+00 | 31116400
6.1688 L2070F400 30570400 30THF00 | IOTIF4U0  LICT2E400 LIOTHF400 L I0B0F¢N0  LI0ASF400 | 30975400
51356 42020F¢00 JA057F+30 JINTOHE+00 § «3073IF400 30776400 ,L3I0THEI00 L I0BOF40D L I0ALF400 | . 3097E +00
44125 42070F¢00 o3057E¢00  LIOTHF400 | «307IFH00 L3072E400 LIOTSE400 .I0BNF+00  L,3005E4N0 | L3097E+00
3,094 42020F¢00 L3057F400 LIOTAE+ON | L30TIF400 .30T2:+400 30756400 L30R0F+I0  L3005E+00 | . 30975 +00
2:063 42020F400 L3052F400 LINTAF+00 ] J3073E400  30T2E400 LI075E400 L10A0F+00 L 3005F 400 | 30976 +00
1,031 ,2020F+00 L3057TF+00 ,30A5F+00 | +30ALE+00 L3079E¢00 .3083E+00 o30RAGEN0 . 30G4F +00 «3109F 400
+400  <2020E400 3093F+00 431I2E400 +IL2CE400 o3LISE+00 L31ZLE+00 L3137E+00 31436400 «31 705 +00
2200 L2020F 400 <3207F¢00 43I22E400 LI265E400 +I240E400 o I263E400 ,3307F400 o3345F400 « 36 T6E +00
+100 420205400 L3125F+90  43341E400 o31TSE400 o31L0E+00 o 31B1E400 432616400 L334LE+0D «3655E +00
+050 20706400 J2303E400 L2500E+00 23176400 +2264E400 L2323E400 +2420F¢00 s2514E+00 428 3BE+00
+025  22070E400 JEIBIE+00 L1486E400 L1379E400 1357E+00 «l401E400 LI4TLIE*00 (1329E+00 +1737E+00
0+000 +2020E+00 O. 04 0. O« Ge 0, D O
LENGTH 000 5. 00 10,00 20.00 40,00 60.00 80.20 100,00 110.00
+— G
20.0 100.0
1.219 FIGURE 4-15
1.03)
rLengTH

O«
«1534E400
+ 2E66E+00
«3TTHE+OO
»3694F +00
«324RELDO
«3146E+00
31276400
«3126E+400
«31Z6E+00
231268400
23127E+00
«3144E400
+3266E400
#» 38040400
e R4Q92E+00
+36B3E0D
s 226RE+Q0

Qe

11%.00

0.
+2020E400
«J020CE+QO
«2020F400
+2Z020E+00
22020E+00
«202GE+00
«2020F400
«20Z20E¢00
«202P0E+00
«2020L 400
w20PDEOD
«2D2CE+DO
«202CE+00
«2020€4+00
«2020£+00
+2C2GF+00
«2020£400

0.

12000

6L6L AVIN
I 3WNT0A

$$3904d ILIYOHIOH L1373 MOTS 334

FHL 40 NOILYIILSINNI

000Z3 DA LY0d3H



NOISING SINOT AS-ANYAdINOD SOILNVNOMISY SV TO90a TTINNOAINW

Le—v

RUN Ky T TEST ENGINEERS C.U. WALKER

BUFFER FLOW

§0.0 ML/NIN, INLFT VENP
FIELD STRENGTH 0,0 V/CM

BUFFER VERTICAL CENTEILINE VELNCITY

WIDTH
8.250
8.225
8.200
8.150
8.0%0
7.850
7219
6.188
S5.156
4,125
3.29¢
2.0463
1.011

+400
+200
100

+ 030
+025
d.000
LENGTH

G. 00

HEIGHTS > DATA » %

+—— G
20.0 100.0

7.219

1.031

5. 00

10.00

MOAC~STL ELECTROPHORESIS DATA REDUCTION
GRIGINATORS DuWe RECHMAN 12/74

5.9 €

“+1972E400
+1558E400
+3669F 400
+3699E400
«3600F +00
+3537E+00
+3462€400

20.00

«4239E+00
+3T0BE+00
+3T91E+00
«IBA3EHOD
W3T799E400
*+3604E 400
«3540E 400

40,00

«3TBRECDO
+3966E+Q0
+3041E+00
«3954E+00
+3860E+00
+3904 €400
«&403IZE+00

60,00

FIGURE 4-16

«3912E490
« 1995 +00
+397TF+09
sA1T71E+00
+%105E+00
2391 4E400

RELILITYY)

80.00

«3IF5IE+00
«3IRGE400
«3TIGE+OD
«3930E+00
+3961E+00
+19353E+00
«#033E+00

100.00°

110.00

115.00

120.00

6161 AV
11 3WNTOA

SSII0Hd HLIFHOHSOHLITTI MOTS 3344

IHL 40 NOILVYDILSINNI

00023 0QW 1HOd3d



NOISIAIO SINOT LS -ANVIWOD 'SILAVNOMAISY SYT1910a TIINNOAIW

8+

fputomu

YN NG,

Ty TEST ENGINEFRT CuDe WALKER

BUFFER FLOW 2040
FIELO STRENGTH 0.0 V/CM

MDAC=STL FLECTROPHORESTS ANALYSIS PROGRANM

ML/ZHMINy INLET TEMP 6.9 C

BULFER VERTICAL CENTERLINE VELOCITY
VIDTH
Be230 26345400 0. 0.
Be22% W7H34F400 JL3I9BF+00 L1797F400
Ae?00 «2694E%J0 J2398F400 .7400E+00
Bal30  #2H95E4D0D  LJI%4LE+00  <354TE+00
BeD30 +2hAF4F 400 Q04 TE+DD  L40TO0E+00
TeR30  J2094E+30  LA102%400 L4110E+00
T?19 oP694:+00 L41067+00 L4132F€+400
Ba1AT L2694 +00 L41IQLT+00  L&128E400
54156 +2694E400 JO1O01F400 J4120E+00
hel25 J2094E400 LHLOLE4CO J412RE+00
340%%  JZE94E+00  JHLOLF+00  L4123F+00
24063 JPH94E400 L4L1015+400 <412BE400
1.031  LP094F+00 J4103E+00 L&%131€400
40 o?&qﬁﬁfoo «LQICH00  JAH]29E400
2203 W2690E400 L40R6E400  L40TOR40D
«T00  J2608FEF00  LISKRIE+Q0  JISGTEH0OD
o050 J2H6F4KE+00  ,23I9BEH00  LEZHOIE+OD
+025 22694E4+00 J13IOTE400  LISDIE+OO
0.000 +2694E+090 0. Oe
LENGTH Qa0 5,.,0C 10.09
+— G
20.0 100.0
7.210
{.03)
[ LeneH

ORIGINATORE Da.Me

RICHHAN 9778

0. D 0. O 0.
VI401E400 .1405E400 .1409E+00 14146400 +241BE¢DO
«2402E400 L2408E400 2414400 +2419E400 .2425E400
¢3569E407  .3553E400 (3557E400 +3561E400 3566E+00
+50T3EH00  LAHOTSEHD0  L40TTE+00 L 40TGEHD0  40BZ2E+00
W413TE400  LH1I5E400  L413TE400 41395400 .4142E+0D0
e413REXQD  LALIALE40D  L4T3E400 L4141E#00 J&14&E+400
«SLICE+Q0  LGL1ILE400 <4133E400 4135E+00 ,L5138%400
e4130E+00 J4L1ILESDC J&G1I32ES00 L4LISE«00 «4137E+D9
+4130E4+00  4H13ILEA00  LGLIZE+D0  AL3ISF+0N  LH1ITEHOD
«GLI0ELQQ  LA4LILE400  J41IZE+00 J4135E400 4137F+00
e41306400 (41316400 L HL33E+00 441355400 LH139E+00
CR1T14E400  L4135F 400 41376400 J4140E+00 41435400
e4132E400  «41VIIE400 H41ITHE00  L4L3RF40D L5141E+00
chOTICC00 LATTSES00  JAHOTTEHO0 LS080F¢00 L4084E+00
v 3554400 25616400 35645400 L39T4E+00 L3SBLE+00
«2410E+00 J2421E400 L2431E400 L2440E+00 +24%4BE+0C
J140TEX00 o 1415E400 14236400 .1430E+00 14356400

e a. 0. 0. 0.

20.00 §0.00 &0.00 100,00

FIGURE 4-17

80,00

%
«1421E400
«2430E4+00
«3I5TOE+0QD
«&40BBE400
«H14RE+Q0
«4149E+00
s4151E+00
«4141E400
«41k1E+00
+4141E+00
«4IA1E+Q0
«4148€+00
«&146E400
«40B8E+00
+358TE+00
« 26556400
+ 1440E+Q0

Q.

110.00

[
+1427E400
+2438E400
+«3581E+00
«4106E+400
+5169E400
+&HTTDESOD
+%161E+00
sh161E400
+4161E400
o 4161E400
«&161E+00
«&1HBE+QD
«4166E00
+4108E+00
« 3600E+0QD
«2465E+00
+1648E+00

0.

11%.00

O.
«2694F+00
«2694E+00
«269%E+00
«2694E400
« 26945400
«269%4E+ 00
«2694E+00
=2696€+00
«2694E4+00
«2694E400
+ 2604E 400
a2694E+00
+2694€400
+ 26956400
22694E+00
«289RE+00
«2094E+00

[ 2%

120.00

6461 AVIN
11 3WNTOA

§S3J0Hd I LIFHOHLOH L3373 MO T4 3354

FHL J0 NOILVIILSIANI

00023 DaW LH0d434H



NOISIAKT SHIOT AS~ANVYIWOD SOILNVYNOMNISY SVTINO0Ad TTIRNOGINW

6t

[puioms

PUMN NY. B TEST ENGINFE? ! CoDs WALKER

BUFFLR FLOW

WIDTH
8.230
8.22%
8. 200
S.150
4.050
T.050
T.21%
t.108
$.1%%
4129
3.0%%
2.063
1.0

o400
«200
+100
«0%0

+ 025
0.000
LENGTH

D0l

HELGHTS > DATA & R

-
20.0 100.0

7.219
|.03

jrueem

5. 00

10.00

MOAC=STL ELLCTRIPHORFSIS OATA RFOUSTINN
DRIGINATORS DoWe RICHWAM 12778

4040 MLININ, [HLFT TEMR 6.9 C
FIELD STRENGTH 10.2 V/CM
BUFFER VERTICAL CFMTERLINE VELRCITY

+ 34 TOF +GO
0353RE+00
« 3654E +00
+3691E400
«36108E 400
o J4ASE (D
«A385E4+00

20,00

«3£6E 400
«ATT4E 400
«JL01E+00
«3TTOE+20
+3742E 400
+36T5E400
«3501E+02

40.00

«3TU5E400
«3852E+00
«3853E400
«3832E+400
«3800E+00
«3435E400
«1635E401

60.00

FIGURE 4-18

«3119E 400
«H05AF 430
«4125F 00
+hCG4LEEND
+hOTIFDO
«%2720F4N0
«2194F+00

8090

«2297E+00
«¥?T5F400
«31569F+00
«1589E400

«JAGAELND -

+IN0TE+C0
«5653F¢00

100.00

110.00

‘11%.00

120.00

6461 AYWN
ir3NNI0A

$83208d 21LIHOHIOHLITTI MO TS F3H4

FHL 40 NOILVIILSIANT

00023 JGW 14H0d4d3Y



A

NOISIAIO SIN07T L6~ ANVAAOD SIOHLAVNOMISY SVTON0Og T IINNO

oe-¥

§
LS

RUN N7,

BUFFER FLDA

Bs TEST ENGINCER: C.D, WALKER

200 PLIYINS

FIELD STRENGTH 10.2 V/CH

BUFFER VERTICAL

RIDTY
B4230 «?5%6FE+0) 0,
Ba225 J26Q4E+00 L1 %2RE40Q
8,203 2694E+00 L7460E400
Aa150 W2B94E400 LIA26F400
Baf15)  J2HTRES0T  L4TEBELCD
Ta350 o2H96E+00 L410&E40D
TaZl3 W26F4F400 ,40Q96E+00
Ge 1M1 L2594F+0) LH0IZE+0D
Se19h W26 4E+00 L4 J92E400
64125 «26F4E400 JH092E400
J. 09U L2694E+00  L4092FC0
24053 L249&4E+00  L4092EBa00
14031 +2594E+00 423956400
500 L2694E40)  J4L10AE+CO
« 700 J2594E4+00  L4OS%E4DQ
100  J2594F 400 L34ASE4DD
2099 «2HF4E+DD «2491E+0D
w025 J2694F4+00  LL145%E+00
D.000  42649&4E+00 0O,
LENGTH 0.00 5400
4G
20.0 100.0
7.219
1.03¢%
HeLenaT™

CENTERLEINE VELOCITY

U,
«1440E 400
«7400E+Q0
«JOL5IELON
+4134E400
W41GCEHOD
«%1735+00
41235400
«4171FeQU
«&1731E+00
WH1P3IE+00
&123E400
+41727E400
+41305400
+41IPEHQ0
«ARTIEHGQ
e2525E+00
+1&4TTE+00
0.
10.00

MIAC=STL ELECTROPHORESTS ANALYSIS PROGRAM

THLET TEMP 6.9 C

0.

DRIGINATORT D.W.

RICHMAN 3778

0. 0. 0. 0. 0.
eI1436E400 14405400 J144BFE400  JLASTE4DD  LL465E400 J1483E400
2 2REAE400  L2458E400 L24TRE+4QD L 2493E+00 L 2506E+00 .2536E400
#353FE400  43IRILE400  +3440F 400 JIBS55E+00  <3I66BEL00  3TOSE+0D
v 1256400 LGI20F400 o4125E¢00 «4136E400 o4145E¢00 41T2E+00
hRLGNEFOD  GLIFEX00  ALHIE4Q0  L4ISBE+00  4L54EYQ0 44 16TE40O
f4129E+400 J4130E400 o413IE400 L 413REH00  SA14L1E+00 | +4149E+0Q0
ehL23E4DD L 4IP4EH00 L&I2TF+00 L4130E+00 o4L3I4E+00 | «4161E+00
+H1P23E400  J41745400 oG126E407 JH130F400  LALIGE+00 | «%A41E+QO
s B12IEC00  SHLZ4E400 +A126E400  JH1I0E0N  LA13RE+00 ] 4141E40D
sHL23E+00  <ALZ4E400  LAH126E400  JG10E400  JS13KE+DD | L4141E+0Q0
«HLZIEL0OD  +QL174S400  J&12TEH00 L 4130E4N0  JAL34E+00 ] 44141E+00
«4L20E400  L4129E400 J4132E+00 4135F400 J4140E+00 ] 514BE400
+HT18E400 441395400 JHLIGIE+D0  LG1AGE+DD 4 4152E+00 L4164E400
«4E2RE400  JHT21F400 L4128F+400 4141E40D L&4152E+400 .&192E4+00
«366Q0E400 436535400 LIOTHEX00 o 3699E+00 LITLOE400 LITTZE+OO
«ZFLIEL00 J2FLHECQC  #25I9E200 LZ563E+00 +2585E+00 +2635E+00
«1AT2E+00 < 14D0E4+0Q0 +149%E+00 S15L12E+00 J1526E400 L1550E400

T U 0s 0. 0s G
20.00 40.00 60.00 80,00 100.00 110,00

FIGURE 4-19

[ 1Y
«151TE+00
«2596E+400
+3TRLE+DO
«423%E+00
«&203E+00
GITTESOD
«4166E+00
«4166E400
«%166E+00
«+&4166E400
«k165E+00
JALTSE+QOD
+4200E+00
«h254E+00
+3879E+D0
+ZTIZEL00
«1620E+00

Oe

11%.00

0.
«2694E+00
«28694E+00
«~26H4E400
«2694E400
+Z698E4D0
«Z6F4E+DD
«2694€400
+269%E400
«2594E4 00
«2694E+00
+ 26945400
«2694E+00
«26FLESDD
«ZHI5E+00
«2694E400
eZ6P4E+O0
«2094E+0D

19

120,00

661 AVIN
I AWMTOA

$S3904d JILFHOHJOYL03 73 MOT 3T44

JHL 40 NOILYIILSIANI

00023 DA LHOd3Y



NOISINIG SINOT AS~ANYIWOD SOILMWNOMNALST SU IDHIOA FIaNNOU Iy

ie-¥

AUN HD, Oy TFST THOINITRE C.D. WALKER
40,0 HLIFINgG TNLFT TEHP A8 C

[IFFER FLOW

FIELD STRENGTH 2047 V/CM
BUFFER VERTTCAL CENTERLIMF VFLOCITY

WIDTH
250
8225
8.200
0.150
8.050
T7.850
T.219
6. 188
5,196
k,12%
34094
2003

ate0dL

w10

" .400

+ 200
«100
«050
«029
$.000
LENGTH

0,00

HEIGHTS > DATA = R

4—0
20.0 100.0

T.248

.0

rienaTH

5.90

10.00

HDAC-$TL §LtCTI[PHURESIS DATA REAUCTINN
ORIGINATORY Oobie RICHRAN 12/

WITRGESQD
«IT01E+CO

LIBEPELG

«IBHLE00
+3803F+00
43834400
«4188F+00

20,00

» 3700490
+3596E 400
+3626E400
OSGQQEOOO
23512£400
«3544E 400

2

40.00

«IILCTEADOD
«3338E400
«36TOEHOD
*3633E+00
«346TEH0D
«JAA]1E4Q0

L]

60.00

FIGURE 4-20

« 36337 400
« 1300 400
«JATRE DD
«3524F400
«3980F400
«3T14E 400

L}

0,00

+2361F400
«3191€40C
«JGATE 0D
2 34B4F 400
03341E400
2 JT80E+00

L

100400

110,00

115.00

120.08

6461 AVW
11 IWNTOA

$§3204d J1LIHOHJOHL3313 MOT1d 3344

JHL 10 NOILVIILSTANI

00023 JaW 1HOd3d



NOISIAIO SINOT AS-ANVAWOD SOILAVYNOHLSY SYTIR0a TIINNOTIW

ZE—v

RUN N,
BUFFER FLOA 2040
FLELD STRENGIH 2042 V/CH
BUFFER VERTICAL CENTERLINE VELOCETY

9 TEST ENGIMLER?T oD, WALKER
FL/MINy INLET TEMP 64D C

yIoTH
Ba250  .24943400
Ba225 2694400
B.200 L2694E+0Q
Bel5) «2694E+00
Be053 +7694E+00
7.857  J2694E+00
Te213 424925400
6185 J2594E400
5,156 ,2BTAEHCO
hal?h  42H94E400
3004 42694F+00
22063 26945400
1,230 .2634E+0)
<400 (2694E+0T
2209 +P6FGE¥O0
2100 26945400
$050 426942400
025 .2694F 400
04000 L2694£400
LENGTH .00
+— B
20.0 100.0
§
i
prLEne™

0.
+1923TE+00
«? 7237400
+3ITZE+ 00
«4243E400
«4115E+00
«4JTSE+ Q0
»4067TE+00
«40ETELCO
«HI6TEDD
«4NG6TF400
wHOETES 0D
PHOTHELCD
»41L3Ex00
v ZHGELDD
»4085E400
«2975E400
+1795E400

[\

5.C0

T.210
1.03

0‘
+1523E400
«2B44E400
s4152E+00
»4382E+00
+2)T5E00
«A1LTE+DD
61052400
+S104E+00
«A104E400
+4104E+00
+ 51 04E+ 0D
41156400
«4173E+0Q0
«&389E4+00
+4339E+00
+JZ1AE+00
v1909E+00

O

10,00

MDAC-STL ELGCTROPHORESIS ANALYSIS PROGRAN

* ORIGINAYORY DoWe RICHNAN 9718

0. 0. 0. 0. 0. 0.
15736400  J1559E+00 .1579E«00 LI6LZE+00 LAAIBE+D0 L733E+00
+2724E¢00 42680E400 J2706E+00 L27605400 L2801E+00 LZ2Y97SE400
«IIFLEH00  JI9)1GE00  LIOITE+D0  40NIE+00 L 4DST7E+00 . 4268E+400
+4ILTEF00 o+ 42B0E400 L4297E4+00  L43IBE+00  LA3726+400 L4504E+00
«hIAZE400  JGLSREH00  WG1GIEHN0  J4ITTESQD L4191E4+Q0 . 4230E400
«4113E+00  +4LILE400 L4ILAE400 &123E400 L413LE+00 | 41506400
+41OLE4D0  L4100E400 +4104E400 J4110E400 L41L6E4+00 | 41328400
«3ID1E400 L 4107E400 (H104E+00 .4110E490 L4116E+00 | «4131€4+00
+»4101E400 L4100E400 +ALO4E+00 L41L0E+400 +&4116E400 | »4131F+00
+AL0IE200  +4100E400 o4I04E+00 L4LL0E#00 L4116E+00 | 44131E+00
+A101E+CO  JA1D0E+00 L4L0KE¢OC L41J0E+400 4L16E+00 | «5132E40D
+4LIZES00  L4TI0E400 oA1L4E400 o412Z2E400 41296400 | «414BE+00
«4L60E400  +4153IE400 J416LE400 41756400 L41BBE+00 ,4227E+00
s4329E400  JHIVDE400  KI2TESOD  JAITIE+O0  AS25E400 L4STIE400
eSLETECO0  <4O9REHD0  L&159F400 J42TTESND  A3TIE+00 .4T28E400
+3030E400 +29T9E+00 430536400 L31THE400 32756400 o3650E400
+1G07E+00  J1709E400 L1043E400 19266400 <1992E+00 22356400

Qs 11 Qe e Qs 0.

20.00 §0.00 40.00 80.00 100.00 110.00

FIGURE 4-21

0.
«1963E+00
«3402F¢00
« 4829400
«&B33EL00
ek3I26¢F¢00
«4200E+00
«41TIE+0D
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REPORT MDC £2000
INVESTIGATION OF THE VOLUME Il

FREE FLOW ELECTROPHORETIC PROCESS MAY 1979

The second nine tests given in the Figure 4-3 Task 1.0 Test Matrix used dye streams
to determine horizontal centerline velocity. The reduced data for horizontal
centerline velocity at 0 volts/cm and 20 m1/min is presented in Figure 4-22. The
expected value of horizontal centerline velocitywithno field applied is 0.0 cm/sec.
From the reduced’data, the predominant order of magnitude of the data is 1074
cm/sec. This is larger than the analytically predicted values found in Figure 4-23.
It is apparent from the test data that the magnitude of the values represent the
1imit of accuracy for the test method. Similar results are shown in the D volt/cm
data presented in Figures 4-28 and 4-29 for a buffer flowrate of 30 ml/min and in
Figures 4-34 and 4-35 for a buffer flowrate of 40 ml/min.

The reduced data for horizontal centerline velocity at 10 volts/cm and 20 ml/min
buffer flowrate is presented in Figure 4-24. Here the horizontal centerline veloci-
ties appear to be grouped abouta 'value of about 2)(10'3cm/sec. With voltage
applied, the electrophoretic mobility and the electroosrmotic return flow cause
the dye streams to defiect toward the anode. This deflection is pictured at

a buffer flowrate of 40 mi/min in Figure 1-7. The deflection causes all of the
points at 1.031 cm and three of the points at 2,063 cm are outside of the first
dye stream near the cathode, as indicated by the "O.'s" in the reduced data.

The points were zeroed instead of extrapolating the test data, which would

have been unreliable, The corresponding analytical predictions are presented

in Figure 4-25. Here the horizontal centerline velocities within the reduced
data field are nearly constant about 2 X 10-3 cm/sec toward the anode and the
velocities decrease to zero at the membranes. Because of the magnitude of the
measurement errors, as indicated by the scatter with no applied field as shown
in Figure 4-22, no conclusions can be drawn with respeci to trends of the data.
Similar results are shown in Figures 4-30 and 4-31 for a buffer flowrate of

30 m1/min and by Figures 4-36 and 4-37 for a buffer flowrate of 40 ml/min.

The reduced data for horizontal centerline velocity at 20 volts/cm and 20 ml/min
buffer flowrate is presented in Figure 4-26 and the corresponding analytical pre-
diction in Figure 4-27. Here the analytical predictions show increased horizontal
velocities, as would be expected at the higher voltage level. ‘Similar results
are shown by Figures 4-32 and 4-33 for a buffer flowrate of 30 ml/min and by
Figures 4-38 and 4-39 for a buffer flowrate of 40 ml/min.

4-33
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MDAC~3TL ELECYRGPHORESIS DATA REDUCTIAN

RUN NN 10 TEST ENGINEF®: £.D. WALKER
BUFFER FLOW 7040 ML/4INs [NLET TEHP 8,2 ¢
FIELD STRENGTH 0.0 V/CH
BUFFER HORIZONTAL CENVER.TINE VELDCITY
MIOTH

0.250

0.22%

8.200

8.150

8,050

T.850

T.219 0. +4050€-03 0. 2.

CRIGINATOR I D.¥W. RICHYAN 12779

G188 2 2TEIE=02  J45430=-01 ~,5498€-03 ~,1192E~9%
5.156 «2832E=02 o4012E=03 «,46554E=-03 =~.4404F=0)
4.125% 2 2T11E=02  o3&50E-03 = 6364E~03 ~,5041F~03
3.094 S1TASE=02  <Z5TIE-D3 =oHI4TE~03 ~+%030E=03
2,063 e14TIE=02 oI4ADE~DD ~,1915E=03 =, 3989E=03

1,031 «TILTE~-D3 Q. Ge De
«4Q0

+ 2040
+100
050
«025
6,000
LENGTH 0.00 3.0 10400 20.00 . 40400 60.00
MIOTHS OUTSIDE DATA = 0
<+ G
20.0 100.0

r.210 FIGURE 4-22
1.03

00,00

+1110€-02

»4056E-03
-.30}15-03
=+ 5074E~03
=e3015E=0D)
=+ 8094E-03
=21530£-01

100.00

110.00

115.00

120.00
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8
4

RUN MG. 10» TEST ENGIJEERE Cule WALKER
BUFFER FLOW
FIELD STRENGFH 0.0 V/CM
BUFFER HORIZOMTAL CENTERLINE VELOCITY '

1040 ML/MIN, INLET TYEHP 8.2 €

WID¥H
84250 0. G.
84275 0. —e 44 96E-03
87200 0. =« /B20E=-0C3
Hal20 G -.1203E-02
4.059 0. —e?9£8F-03
7.850 0. +1365E-03
7.217 0. «H273E~04
6a143 0. s INESE-04
5.155 04 . +HOTLHE-O%
4125 04 ~«l311E-00Q
3,004 0 “eIuTEE-04
2.063 0. =+ 9O25L=04
1,031 0, ~.9258F-04
1400 0, ~v 1462803
«200 0. «2837E-03
«100 0. «1193F=02
«039 0. $7746E-03
«025 Q. «4323E-03
0.00) D. +Qa
LENGTA 2,00 5,00
+——G .
20.0 100.0
7.219
1.031
> Levemd

/1Y

—«10556F-05

~+1050E-05
=44 THE-0%
+2145E-05

«LY69E-05

+1000E~05
+AT59E-08)
«BT55E-046

«6224c~08

- HTH5E~06
=« 9134E~06

~«1902E~CH
=+1735:~04
—~aJHBLE~O%
«3T62F=04
«T4TIE=04
=+1029E~0%

0.

10,00

MDAC~STL ELECYROPHORESIS ANALYSIS PROGRAM

GREGINATORY DeVe

RICHMAN 9478

0. ' 0. O e
eS1TLE~06 o444LE-06 O. ~w3I2Z0E-05F +246ZE-04
+1031£-05 ~.7037E=-07 O, s1667E=D4  46TITE-05
«ALO94E~D6 L2T7B0E-D5 O, v3212E-04 +3T41E-04
+4F16E=-06 <36833E~05 O, 2606TE~D4  L1683E-03
«188BE-06 L1111E-0% O, ~e565AE=05 =~,1265E~04
«1117E=06 +9430E-06 0, =ab65TOE~05 =.968TE~0F
«5416E=0T .44906-07 0. =2 436TE~0F «494B1E~05
«3349E~DT  L4345E-OT O =243533E=05 =.F46HE-0F

=+1143E~10 L1630E-10 0. +2880E=10 ~,6948E-10

=e5349E~07 =.4345E-07 0. 1&353IE=05  L9466E-05
=+ 3409E~0T7 -~ 4500E-07 0O, +h366E=05 «940LE-05
= l286E-06 ~a9433E-06 O. +BYTHE~05 4 9683E-05
~+2229E~06 -.1133E-05 O, 1 566BE-05 ol?bSE-Ok.
~e 101LE~05 ~,2672E<05 04 —s6O2BE~04 =2 1680E-03
~e1061F=05 ~,26425E~05 0. - =:3210E=04 =435TIE~04
=e 1422803 ~.9473IE~06 0. “ 1BAGE=D4 ~o5463E-05
=+1653E-0% L129TE~06 O, ~sL04BE=05 ~42433E~04

0. 0. 0. 0. 0.

20.490 40.00 60.00 80400 100.00

FIGURE 4-23

0.
«Z4TZE-0%
«TEBSE~04
«599IE-04
«2T12E~03

- 15TIE~04

=~ B44E~04

~e1524E=04
~a1521E~0%
+1B04E=~09

«1521€~04

W1524E=Dk

+LB44E~DE

+17006=-04

- 2391FE~03

- 11682E~03

ek B25E-04
+3061E~06

0.

110.00

0.
«4T16E=03
«1110E~03
»1159E=02
+2B20E~03

~41507E-01

~e 9662 E~0%

- 5482E=04

~e GATZE-04
+1397E=09
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+9482E-04
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9E—t

RUN MO« 11y TEST EMGINEERS C.D. WALKER

200 ML/PINs INLET TEMP 8.4 C
FIELD STRENGTH 9.9 V/CM

BUFFER MORIZONTAL CENTERLINE VELOCITY

BUFFER FLOW

WIDTH
8.2%0
0,225
8.200
8.150
8,050
T. 850
T.219
6,108
5.156
4,125
3.094
2.241
1.931

+420
«230

«100

« 2350
+02%

G.000
LENGTH

0,00 3.00 19.20

NIDYHS OUTSIDE DATA = ¢

4+ G
20.0 :$00.0

T.210

1.031

HLeneTH

MOAC=STL ELECTROPHORESIS DATA REDUCTION
ORISINATOR® DoWe RICHMAN 12779

+33518-C2
36 T2E=-02
v439FE~C2
+46BTE-02
+4318E~02
+3900E-D2
' .

2)eCO

¢ 3452E-02  J42B4F-02
«2752E=32 L2152E-02
2 2333F=N2 L109CE-D2
*2325E=02 ,L1720E-D2
+2588T=02 L2005E=02
«28T2E~02 O,

Qs Ge

4Q.00 50,00

FIGURE 4-24

«hE51E=02
« 1I5TE=N2
«1700E=12
+13058=02
«1%933E=-02
Os
o.

80.00

+1B0PE=02
«125¢E=03
+19D2E~02
«3127E~03
+8430E=02
0.
O

100400 110,00

113.00

120,00
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LE—P

IR dle Jle [-ST eqf]ULLR? Co7y dM LTV

HNAC-STL FLECTROPHORESTIS ANALYSIS PROGRAM
ORIGINATORE D.Ye RICHMAN 9779

BUFfvd FLOW Eded MLAATN, THILT TF4P 8.0 C
FIell SEIENGTH 5.9 vw/irH
AUFFFR HMIRTZONTAL CHMTEMLINE v LACITY
WinT4
84730 e Ds LY n. Ne O Na O
Ba22% 04 ~o TTHATE=~D4  W3172¢=03 3624E=«03 35087 =03  L39AAF~03 +3639E~03 3IATHE=D)
8,700 . =e?ALHL=04  LH0872+ =03 JHTBAF=03 L 6I1IE-07  +7745€~D3 LT13%E~03 LTP166-03
Q4150 0. fTARTE=04 L LIPTF=07  J11136-02  #11040-02 41110€-07 J1136F-02 +119%E-02
4.050 N, dLEHF=02  J1A0Tc=07  J13B&F=02  J)475FE~D2  414%3E-02 L1465FE-02 L1459E-02
T3 0 JOIRAE=D2 L2037 =02 J199BLE=02 LI9TRE=D2 L197IC-02 L19756=-02 LL1979E~D2
T+719 2. 2207 =02 L1994 «0 L2003E«02 L7012E-02 JPO126-02 42008E-~02 L 2009Ff-02
Gallhs Do $7009E=0¢ G201 70<D2] L2016F-N2 LP01PF~02 J201%E-02 L2009F=02 ,1997E-02
Y4190 0. «70TL0~02 +7010E~07] +2009E=0? J7010F=02 +2009E-02 +2Q0TE-02 +20DSE-Q2
he122 0. «l96F=C7  L2018E-02] ,?020L=02 +2010F=02 L2012€=02 29116~07 .2014E-0?
3.034 0. sk 724002 «P01TE=02] «20026-02 +2011E-02 4?014E«N2 +2015E-N2 L2020E-02
24003 D, +1925E-02  2004E-02] J?0?29€E-07 L?011F-02 L2011E=02 L2014E-02 .?016E-02
14231 D +1923E=02  W20070=92] +2009E~02 L2011€=N2 .2011E=02 L2017F~02 +?036E-02
2400 . P1H30E-02  L1965€=12 ,1961E=07 L19THE=02 L19870-02 L1994F-02 L1972E-02
2200 0. WEOBOE-02  W142AF=02 L 143%E=02 L 1479E-02  G1417F=D2 ,1395E-02 .1396E=02
«103 9. 22072F~02  L1093E-02 L1097E-02 LIO7E~Q02 L1107&~02 107BE-02 +1002€=-D2
353 Q. oLA3T7E=02 S6A%IL-03  LTLH5E=Q3  LH999E~00 L6BH05-03 6820E=-03 .6622€~03
25 3. © wB740E-03  LITITE-03 4 32118=03 LA605F=03 43659E-03 L 3IST0E=03 L3534E-02
Ge0D 0 0. e 0. L B L ) Qe
LENGTH Oe0) | 5.00 10.00 20.00 40,00 60.00 80.00 100,00
1
4— G
20,0 100.0
7.210 FIGURE 4-25
[y ex ]

H-LenaTH

O«
«36RTE~DY
2 T540E~-D3
«12?21F-02
WM A04E=-02
+1943F =02
1 996F=02
«1986E-07
2005E-02
«2026E=02
«20316F=07
«?017T€-02
«20%32E=02
2 2017E-D2
+ 1312602
«9412E~0)
wGRETE~D)
«3206E-03

[+ 1Y

110.00

0.
~B215E-03
+137AE=~D2
«209TF-02
«1570E~02
+1R43E~02
« L94AHE=0Q2
«1957E-02
«1944E-02
«20t98=-02
+2100E~02
«210%E-D2
«2114E-02
«2129E=02
«1306E=-02
«2444E=-03
«32IFE=0%

=+ T4QGE~04

O«

115.00

0.
De
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8e—+

RUK NO« 12» TEST ENGINZERI Cabs
2GeD MLIHINs 'TNLET TEMP
FTELD STRENGTH 20.0 V/CH

BUFFER HORIIONTAL CENTERLINE YELOCTITY

BUFFER FLOW

NICGTH
B+2%0
8,225
8. 20
Bel50
84050
7.R50
7219
b.188
54155
§412%
3,094
2.0583
1.011
400

2200
«1ud
2050
2025
0.,MN
LENGTH

+— G
20.0 100.0

0,00
WIOTHS QUTSIDE DATA = 0

1.219
1.0

MDAC-STL ELECTROPHORESIS DATA REDUCTION
ORIGIMATOR E DoWe RICHMAN 12/73

8.2 €

v 1315€-01  &44T5E-N2
+ 4833302 L 4223E-02
e 52C4E=02 44321602
WHO52E~02 L 4342E=02

s TTTRE=C2 +B5083E=D2
2 6EL1E~]2 O,
°. o'

20.00 40.20

+4207E-02
#3564 6E~02
«26604E~02
2I11FE=D2

G

B

°I

60.00

FIGURE 4-26

+4396E=02
s 409LE-T2
+3373E-72
WAS5BE=-D2

o.

00

O

AQ, 00

«E4OKE~D?
+5420E=02
+BTETE=~D2

0,

Qe

0.

0.

100.00 116.00 11%.00

120.00
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°uY Nil.

BUFIER FLOJ

WinTH

{4

TF5T ENGINLbk) (oo JALLER
103 wLA%TNy INLET TEMP o

FIELD STHENSTH 20.0 W/CoW

BUFFFR MRRIZDNTAL CEATERLING VELQCITY

8.253 Do v
4e22% 0. «3H20E-0)
85,200 O, «9423E-03
Hal%3 0. e19CHE-02
84053 Qe + 3390502
Telid 0. AHLE9C-12
Talv 9, 307 -02
LYRL LI N «4117F=-02
Ge158 0. A G LOME-0P
Gal2% 0. 4033502
3034 V. 3720 =02
2063 0. +3I65E=(2
1s031 Do +3963F-02
400G 0. a3EbrE-(2
«230 0. «2698E-02
«12) 0 W29 TE=0P
NS0 0. LYT8F-02
«325 0. 1190E=-02
04030 0. 0
LENGTH Q.27 2.00
4 G
20.0 100.¢
7.219
1.0}

prLenaTH

s
«79137=03
«1622E=02
$27698=02
«3214E-02
AOTTE-D¢
J4074E-02
H0TLA-02
LAOHAE-02
JA40T3E-02
£30730=-02
«40TIE=02
«407VE~(2
+3Y9E-02
P HOLE~D?
«?310E=02
«1582E-02
«RE05E-N3

Oa

19.00

MDAC=STL ELFCTAOPHNRESIS ANALYSIS PROGRAM
ORIGINATORY DoW, RICHHAN G778

2 C

D‘
«8954E=03
21781E-02
«3020E-02
«3266E-02
«4053F~-02

D 0. 0. 0. O
«T911E=0Y  LTGRFE=DY  LPSROE-03  LTT5TF-01 L799%%-03
21520602 L14MLE=02 34H2E~N? L1%215=02 41%93E-02
w?IA5E=02  LPATPFE-02 WP IQ0E-02 +P4%4E=-02 J?53IGE-02
PIHTE-0Z .39015‘02 30P4F-02 L3099E~-02 J3139E-02
CHD2YT=07  JHNIIE=02  LH0IAL=02 L 4DIF=07 L4049E-07
AITdI =02 LA40T9E-02  L40TAF-0Z L H073F=-02  L4050F-07
GORTE-02  JANRGE-D2  L4GT4E-02  L507TE~02  J40THE-02
HUTLE~3? L 4IHTE~02 J406RE-GZ +40T1E-02 L4072E-02
s G0FAE=0? J40KHE=07 J406TF=02 JR0TIE~02 <H079E-D2
-467“5'07 ANGRE=02 JANGAE=02 <HDITE=N2  40HGE=-02
«GITIE=?  JGO75E=D2 L40T5F~02 L4O0TRE=N2 ,4%09%F=02
SANTIF=r2  L4NTLE=02 L40TTF=02 L40935=D02 4037E=-02
40302 LA0475-02  W4054E-02 %0645 ~02 +40L6E-02
230THE~NZ2  ,I030E=~02 4304BE=02 L30G0E=02 LIT1TE-D2
«2HZ22E~07 J2439E=-02 L2914F-02 L2523E~02 L21B1E-02
«16B0E=02 J1542F-N2 J1585E-02 L1618E=-02 J1412E-02
sAGAZE~DY  WH250E=0] SHIDAE-D3  ,04615~03 ,LB3I20E-D)

0, 0. 0. 0. 0.

20.00 40Q.00C 60.00 80,00 100,00

FIGURE 4-27

«40RSC-02
4 06BE-D2
«4OTRE~Q2
«HQFHF=02
«4109E=02
«40B7TE-02
s 4124E-02
«RH120F-02
»2976E-02
«1974E=02
#»1391E=-02
«7B13E=-03
Dl
110,00

O
+1250E~02
W20LRE=D2
$25308E~02
+2061E=02
¢ MRPE=02
«Rh0PLE~-02
«4035E=02
«&0&0E-02
«4121E-02
«4206E-02
«hP09E=D2
«4234E=02
s 45 GTE-Q2
«5131E=02

Tek512E=-02
«2398E=02
+1035E=-02

0.

115,00

0.
0.
O
0s
Os
0.
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POAC-STL tLECTRCPHORESES DATA REDUCTION
ORIGINATORY DaWe RICHMAN 12/79

RUN NO. 13, TEST FNGINFFR: (oD, WALKER
300 HL/MIN, INLEY TEKP 6.7 C
FIELD STRENGTH 0.0 V/CM

BUFFER HORIZONTAL CENTERLINE VFLOCITY

BUFFER FLOW

WIDTH

8.250
8.225
94200
8.150
8.0%0
74850
T.219
b.188
G156
44125
3.094
2.063
1.031

2400

220

«109

1050

025
0000

LENGTH

000 .%,‘

WIDTHS OUTSIDE DATA i?

+— G

*
0.0 100.0
7.219
1,031
- Lenam

Q.
«5T61E~-02
«5355€=-02
«523BE=-02
«5001E~02
o 4TBSE~Q2
«2958€=-02

L 3400 10.00 20.00

+6922E-03 o

«8343E=03 ~.9036E~03
#TEAHE=Q3 ~,B342E-03
#0323E~03 =4,B8357E-03
«T044E-03 =,9778E-03
+3541E~03 ~.666TE-03

0.

Q.

40400 6000

FIGURE 4-28

0.

0.

= T416F=03 =, 18T4E~02
=eA295E=03 =,216T7E~-02
=+ 1061F=02 =4?54BF=02
=e1127F=02 =.219B€-02
=+ 5881E-03 ~,2718E=02

Oa

-~ 25081 F~02

80400 100,00

110.00

11500

120.00
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L=t

@

RUN ND. 13, TFOT f"ﬁTHrf“l.CoP- ALK FP

BUEELR FLOW
FIELLD STRENGTH

1540 MLIMIN, THLET [T4P

e VILM

BUFFER HORIZMNT#L CENTFOLTIMF VFLACTITY

WIDTH
V4250 O, 0,
$.225 04 ~ ART2 =03
8,200 0, -.1167F=02
8,150 0. - 1h94E=07
B.050 04 ~. 531N F~03
Te850 Qs +2091F=-03
T.219 0. «1257E-03
6.184 0, 1367503
54156 0, 11341 F=03
44125 0, - 2ANTE=N9
3,094 0. =, 1341E-02
24063 G = 1347F-01
, 14031 0. =y 1345F=03
+400°0. —e?037E-02
.200 0. .5131F=01
4100 0. +1695F=07
«050 0. f1167F=02
0025 [+ obﬁbaE'UE
0.000 0. 0.
LENGTH 7.00 5. 00
4— G
20.0 100.0
7.219
1.031
H-LENBTH

MNAC-~STL ELFCTROFRURF SIS ANALYSIS PROAGRAM
DoWe RICHMAN 9778

ORIGINATORS

T«9 C

Ny 0. [V Cs 3 [
1273000 L4nlYF=Ca  ,59300-36 G, cI1656F-00 4 HI20F-05
=+ 3AG5E-~09 LQ097E-06 JL223t«05 C. 50Z1F~04 L 3904E~04
- ?R9TE~04 JHRF2E-Go J1C96E-05F G LYOTLIE=08  LAGBRE-~O4
«55ARF-0% L50%4F-06 J3LBLE~Q6 C. BO62F-04 LJESTNE-QY
«41TAF=05 L2019E=0b «1G33f-06 0. -, G83AF~0% ~. LOGIE-04
+2951E-0%] +1217F~06 .5049E-37 0. ~.7?A3E=05 =,1110F-N4
fPLIHE DG J59FNF=LT  (43%TE-0T7 O. -y T1A?F =15 =, 100H5E~D4
$P42TE=051 J595PF=0F +4320E-07 O, »+ T151F=75 =4 1094F-04
W150A8F=09 JHNOZ2E=-1] = 1900E-L0 C. «?7449F~=10 =, 1T734E-10
~?4?TE-05] -+ 555RE=0T =,4320k~27 D. W T151E=05 L 1096F-04
= 24PIE=05) =y 5FFOF=LT = 4344LE~0T . W T1A?E=15 J1095E-D4
=~y ?A89F =08 =4 1733606 =,5960GE~07 C. WTPTIF-T5 L1110E=04
= hTINE=15 =, 224TF=08 =,1)125E~06 C. 1 3841F=05 L1008F-0n4
= AR0F-09 =.1I0AE-05 =.6599E=-0h G, =, 599%E=1% - 156TE-03
= 1HA5F =05 ~4305RE-05 «.23T74E-09 0. = THhBIF =04 =, IAILE~D4
¢21938~04 =43397E~05 = 25T4E-05 C. = S009E=04 ~.3T94E-D4
«?BGAE=04 =.1hTIF=(5 =41200E-05 0. - - “e31B1E~T4 =, 5TSIE«0S

0. O O O 0. Qs
10.00 20.00 404,00 40,00 100,00

FIGURE 4-29

80.20

0.
+ 1034E-04
«1322E-03
2017E-03
«H216E-03
—«256BE-04%
~+33T2E-04

= .3335F =04

-+ 333CE-04
«12C9E-09
«3330E-0%
+ 3335604
«3371E-0%
+2569E-04

=42 11E~03

=+1984E~03
~«13CZE-0)
~«B9H5E~05

O

110.00

[
L6691E-03
L11E1E-02
+1730E-02
. 4338E-03

—.2267E~03

~ 1424E-03

=,1297¢ =03

-o1306E=03
$2267E=09
«1356E~03
«1397E=03
«1423E-03
v2213E-03

-+ 4071€~03

~y L6T0E=02

~e1151E=02

«,7207€=-03

0.

115,00

0.
0.
0.
Y

0.
Q.

0.
0.
04
Qe
0.
Cs
'Y
0.
0.
0.
Q0

120.00
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NOISINIGO SINOT 1S -ANVIANOD SOILAVNONLSY SYTINOd TTINNOaINW

v

MOAC~STL ELECTRPPHNRESIS DATA REDUCTION
ORIGINATORS DuWe RICHMAN 12770

RUN M0, L4y TFST ENGINEERY 40, WALKER -

BUFFER FLOW

30,9 ML/ZMIN, INLET TENP 6.8 C

FIELD STRENGTH 10.1 v/CNM
BUFFER HORIZONTAL CENTERLINE VELOCITY

WIOTH
B, 250
8,225
k. 200
8.1%0
e.050
T+RED
T.219
&,188
5.1%6
o125
3,094
2,083
1,031

+ 402
. 220
«100
+050
«228
0.C00
LENGTH

+14R306-02 .2985E-~02

oB540E~32  L2T13E-02

«B821BE=02 L2463E~D2

249BTE-J2  J2425E~02

w8064E=02 J26RAS=0)2

+3650E=02 L 2043E=D2
0. 0,

0400 3.00 10.00 20,00 40,60

VIDTHS DUTSIDE DATA =

+—G
20.0 100.0

1.0

PLenam

«3121E-92

+15650E=-02

+1375t-02

«94908E=23

1 145%0F=02

«2T16E-22
Qs

60,00

. FIGURE 4-30

+2692E=~22 L 1597F=02
+1903C=02 ,L5317E=05
GEBGE=03 =, 634FF=02
+§930E=~03 L 1324E-04
27186E«02 J8229E-02
a. 0'
O O«

20430 100. 00

110.00

115,00

120400

B6L61 AVW
It 3WNI10A

$8370Hd 311 IHOHSOEL33TI MO T4 3344

FHL 40 NOILYDILSINN]

00023 DGW 15043



NOISINIG SHOT LS -ANYINOGD SOILAYNOMLSY SYTI10a TIINNOaOW

£

RUN N3, 14, TEST ENGIN $°1 [.F, JALKER

HDAC~STL FLECTRUPHURESIS ANALYSTS AanGRAM
ORIGINATOR® D.W, RICHMAN 0/78

BUFFFR FLOw F5.0 MLANMIN, TRLFT TEMP B,A (
FIELD STRFMGTH 1041 V/TH4
BUFFEY HORTZNNTAL CEXTFRLINE VELNOITY
wIDTH
Ae?b3 G 0. D [+ Q. G N 0.
B+275 G = 3151F=03 ,3392E=03 L32AGE=03 3564603  L34T4E-03 L 3I45KF-23  L3I954E~-03
B,200 0. = G1M1F=03  JATALF=03  L6570F=03 JAHLETE=II  +6909E=0% L HI8AF~3F  LTSOPF-0Y
8,150 0, = V3ENTE-NT L1496E~02 LJ109E=C2 Lil4h[-02 L1136E-02 L1141F=02 L1271E~0?
BeC50 04 JANDEE-N2  J1441F-02 J1396E-L2  J137)E0-02 41426E-22 J14A1F~32 §1457E~0?
T850 0. 21VTE-D7 L1741E-07 J1933F-02  JL948E-02  J1935E-07 .1923F-02 L1920F-02
T+213 C, WP2061F=02  L1A45F=02] J19A5F=02 41947137 41955E~02 106AF=32 L1960F=~07
bal88 U, 2053702 L1097 £.02] J19B0F-y2  J16TIE~02 L1972E-02  L1%637-32 L1940F-07
9150 G, SPORAE-D? LL9TUE=02] J1957F=02 W 1%ATE=02  J1957E-02 J1957F=07 J196DNF-0?
44125 0. J1RE-02 L 1954F=07] J19710-02  L16938-02  J1951E-07 L.1959E-22  L1974E-02
3.094 O, 192 F=n2 L1a86F 02| (I9T7PE-02  J1957F-02  L195T7L-07 J1P6AF-02 19B1E-02
2:063 0, 125702 L 19R4E-D? .19515;02 J9T9E-07 L1979E-02 J1974F-92 J197RF-02
1,031 ¢, JIB29F-N2  L19487-02) ,1961E~G2 L1957€£-)2 L1971E-07 «1943F-02 L1971E-02
<400 0, W17510407  L1906F-02 L194RE-(2 .1044L~32 .1938E-07 J1%3ITE-2? ,L19560E-02
«200 C. W1 HIPF=02  L13ARF02  L1397F=02 J14264€-J2  L1393E-02 J1347F-02 LL1332E6-02
+100 0. 2499F-02 .IOTAE-OZ +1103£=02 J1C51E-02 J10858~02 L1094F-02 L9692F-03
«050 0. TIIE-0?  LAU5HF-03  L67H5E-0F  L0HS2E-03  L6G1TE~D3 JH9BLF-03 LTOV5E-03
«023 0. J1O12F=07  L3I53TE<01 L 37Q0F~0) 3604E-03 .3526€-03 .35538-07 .1862E=03
0,000 0. o 0. 04 0. 0s R 0.
LENGTH n.o0n 5. 00 10.00 20460 4000 60,00 80.00 100.00
+— G
20.0 100.0
7.218 FIGURE 4-31
1.034
b LEnaTH

0.
W41 36E-03
«B158E~03
«1353E-D2
163CE~02
«19CCE=02
+19%3E=02
+1947E-02
+194)1E-02
+1963E-02
s 19EIE~02
«19G€E-02
+1979E-02
-1963E-02
#123%E-02
#»6433E-03
+»379CE=-03
+»30556-03
00
110.00

0.
«1061E~02
2 1T04E-D2
«24496F=02
J1962E-02
«l763E~02
J1867E~02
«1B61E-C2
«1871t-C2
1095602
«Z2110E=02
+2098E-02
#2121E-C2
«21746=02
J1417F-02

-2 5070E-04

-s2550E-03

=u25428E=032

0.

115,60

126.00
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NOISINIG SINOT LS~ ANYINOD SONLAVAQHISY SVTD20a TYINNOTIONW

v

MDAC~5TL ELECTROPHGRESIS

OATA REDUCTION

ORIGINATOPS DoWs RICHMAN 12779

RUN Nu 19, TEST ENGINEER! C.Ds WALXER '
SUFFER FLOYW 30,0 ML/MIN, INLET TEMP Y47 C
FIELD STRENGTH 29,3 V/CH
BUFFER HORIZONTAL CENTERLINE VELOCITY
WIDTH

84250

B, 22%

Fe200

", 150

84952

1.850

Te219 , sH1AE=0? LHIBIF-]2 L63DLE-02
b,1AR $3991E-02 4 3522F-02 «3IIRSE-DR
5.156 «bLTFE-CZ  +IOTIE-02 .2862E~02
4,125 o SHLTE=U2  o4293E=D2 3534E«02
3.794 2B14LE=C2 A 6ABE=I2 44T =02
20562 $BET2E=02 L 4942E=02 O,

1,031 0. 0. Qs
« 400

«220
+100
+050
023
0.0)0 v

LENGTH Qa0 3.00 10.00 20.09 41,00 6C40%
WIOTHS QUTSIDE DATA = D

+—G

20.0 100.0
|

I FIGURE 4-32
7.210

£

. {

b 1,031 N
2

b eno

«3299E~)2 ~,%R5IE=)2
¢ THRIF=02 =, 222TE=02
«1201E-02 ~,2283E~02
+2291E=92 ~,1219E=02
« 246TE-D2 Q.

0. o.

Qs o,

2J.20 100.00 11€.99 115,00

120,00

BLEL AYW
ILAWNT0A

$S3904d I1LIEOHIOELT3T3 MOTS FFHS
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NOISIAIOT SINOT LS-ANVANOD SOHALNWNOMASY SYTI2100 TTINNOTIN

St—v

RUN ND.

15

TEST FNGINTFi1 Cu.De WALXER

MDAC-STL ELECTROPHORESIS ANALYSIS PRNGRAM
ODRIGINATOR? DeW. RICHMAN 9/78

BUFFER FLOW 150 ME/ZMING INLET TEMP 7.7 €
FIELD STRENGTH 20.0 V/CH
BUFFER HORIZONTAL CENTTRLIMF VELACITY
WIOTH
8.250 O, 0, 0. 0. 0. 0. 0. 0.
Bs225 0. «1004FE=07  JTIRTFE=01 LT495E-D3 JT493IE-03 LTH4LE-03 THAAF-03 JTE94E-03
8.200 0, W5I2IE~03  L1599F«02 L14%60-02 S1454E-02 W1678E-02 41533E-02 L1579F-02
8.150 0. 1399E-02  J2TO3F-02 J2301E=02 o2350E~02 +2379E<02 .263GF=22 L2567F-07
B.0S0 0. W2865F-02 L3IP0GE=02 L2905E=-02 429%4E-02 «29B1E~D2 +3015F-02 .3089E~02
T+850 O B127E=02 o3099E-02 J396RE-02 W3990E-02 L3953E-02 .3951€-02 L3I956F~02
T«219 0. 4 064F~02 LI993F-02| +3999E~02 L3997E-~02 L400%E-02 +4011F~02 LGOl1§-02
6.188 04 VADOAE=02 JG01PE-N2] 23992E-02 4399BE-02 43990€-02 .3977E-02 LI979F=02
S5.156 0. 4055E-02 4AN00E=-0Z| .3994E-02 J4O00CE-02 .4000E-02 L3997F=-02 .3994E-02
4.125 0. «3951E=02  L3997E-02] .3998E~02 L4C01E-02 L4005E~02 L4D07E-I2 L4014E-02
3.094 0. «IR43E-07  L30AF-02] J3995E-02 L3998E-02 L4003E-02 J4011F=02 44%0231E-02
24063 O 2IAIIE-02 43976C0=02] +IVB6F=02 +3987E=0Z +3F93E-07 +40N0F-02 .4007E-02
1. 031 0. «30I5E=02 L399AE-02| +4010E=02 3997E=02 L39Y9E-02 LAQ12F-17 L4030E~02
«200 0O, JITI?F-02  L31924E=02 JI9THE=C2 +3956E~02 3963F-03? +39B0F-02 43I9F0F-02
+200 0. «2TTHE=02 (?R9AE=07 J2964E-02 .2993E-02 ,3039E-02 ,I070F=02 L3053F-02
+100 O, ¢IBIRE-02  WP2FRE=02 LZ6HHE=02 L24064E-02 2424E-02 4 2409E=02 L2296E~02
«0%0 0. ¢2374€-02  J1594E~02 J1665E=02 1401E~02 J1602E-02 L15ASE-02 L1479E-02
. 2025 Q.. +1183E«02 ,A3I0E~0) LAS5QE-03 LH191E-03 L823TE~02 ‘s B260F~03 LT820E=03
0e000 0o 0. O 0. Qe Q. O« 0.
LENGTH 0.00 3. 00 10.00 20400 40400 60,00 0«00 100.00
+— G
20.0 100.0
7.2i9 FIGURE 4"'33
1.031
 Lenom

o.
«8931E~03
2 1794E=-02
«2976F~02
«3294/E=-02
+398626-02
+3999E-02
«3996E~-02
«3994E-C2
«40176-02
v404CE-02
«4039E-02
«4044E-02
«40O53E-02
«2862E-02
1857602
«1318E~02
«TR2GE~03

0.

110,00

'
«1413E-02
»2450F-02
«3109E-02
«2191E=-0Q2
«3709E-C2
«3942E~C2
«3928E~02
«3939E=02
«4067E=02
e41B6E~Q2
wh169E~D2
«H225€E-02
s 4e49E~02
«HB6IE-02
#3952E~02
«1966E~02
W T264E=01

0!

115%.00

O
0.
0|
Oe

O«
0.
O
O
Q.
0.
0.
[+
O
Qe
Ce
Qe
O

12¢.00
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NOISIAIG SN0 LS - ANVAWOD SHLAVNOHLSY SYIDNTOad TIINNOGIW

9—¥

RUN HO. 16, TEST ENGTNFER® C,0. WALKER

BUFFER FLOW

0.0 ML/MIN, INLFT TEMP Te4 C
TIFLD STRENGTH 0.0 V/CH

BUFFER HORTZONTAL CENTERLINE VELODCITY

WIDTH
B.250
8.225
8.200
8.150
8.050
71.850
T.219
64188
Se1%6
4,125
3,094
2.063
1,031

<400
+200
100

v 050
025
0.000
LENGTH

WIDTHS QUTSIDE DATA = 0O

+— G
20.0 100.0

0400

T.2t9

1.031

HrLENB™

5.00

10.00

0.

MDAC-SIL ELECTRGPHORESIS DATA RENUCTINN
DRIGINATORT Du¥e RICHMAN 12/73

«215%E-02
+2550E-02
2+ 1848E-02
ohBRLE-D2
o h44TE-D2

L

20.00

0. «2929E-01
«lI2TE-02 ~42967E-03
+1112€-02 =,2021E-03
a1312E-02 =+32476~03
«1365E402 =41047E~02
«7B21E=03 =.6932E~02

0' 0.

40.00 60.00

FIGURE 4-34

O.

=2 1092E=02
-«1197¢-02
=« 1 TORE~I2
=+ 1904E-02
=+ 1097E=02

O

8000

0.

“23514E=-03
=+1896E-02
=« 19727E~02
=+ 2124F~02

-41737F=02"

«sJ203E=02

100.00

110,90

113.00

120.00

GLEL AVW
11 IWNNTOA

$83904d 211 IYOHJIOH.LIT 713 MOTS 3344
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NOISING SINOT LS - ANVAWOD SOUINYNOMHLISY SYT900a TIINNOOINW

Ly—¥

FUN &7y lée TERT ENCINFER:
P0.0 MLIMIN,
C.0 V/CH

BUFFER FLOW
FILLD STRENGTH

Lals WALKFE

SUFFLR HORIZNNYAL CFNTTRLENF YFLACITY
WIDTH

B4250 O.
He2?25% 0.
84200 0.
8.150 Q.
8,050 0.
72650 0.
To217.0,
bel1d 0O,
54196 04
44125 0.
3.09% 0.
2.063 0.
1031 0.

0400 0,

«200 0.

«100 0.
%0 O
« 022 O,
0.000 0.

LENGTH 0.00

+— G
20.0 100.0

0.
=s174AF =03
=150 F-07
g AT Fm=N D
~h201E-93
W 26T4E-N]
1779 F~N1
W1727E-01
RREFCIEDA
=e?425F=07
=«1725F~07
= 1 T2TF=03
~s1THTF=02
=~ 2601T=03
+H221F=N13
«2X2TF=02
1509 F~02
G247 F=01

0.
5,00

7.218
1 .03}

MUAC-STL ELECTRUPHCRESLS ANALYSTS PRNGRaAY

URIGENATOR® Doy

RICHHAN 9778

FIGURE 4-35

IMLFT TEMD 7.4 €

0. 0. s Ce Q. 0. 0.
=+ 531NF=0h L T635E-06 TT72(-06 0, s 1903F=74% =,5080F=05% L&T3I5E-05
~s 24547 =0 J15PRF=0% L1673E-=Q5% O, «6117E-04 JATORF-04 L161LE-~03
=49 1T0=0%  LJ14C2E<02  «1L33E-25 O W ALIFE=T4 LLPH9E=03  L22ZEBE-D3
JJ1LAE~0A L TR1GF=06  L505TE=06 C. W1GH2F=N3  J2R46F=NT JST4TE~DI
42158 =0% 4 22BT7F=06  +1134E-06 O, =y TBHGF~05 = 26L46F =004 =,621%E =04
«295430=0%1 J1VA1E-0o H313E-0T7 C. ~yTYAIF=1% =~ ?458F~04] =.3321E-0%
IHATE=CH]| +TILEF=0T  9222E=~2T7 O ~e TARIF=05 =¢?153F-04] ~432 590 ~00
ZAAGF =G| S THIOF =0T oH21HE~0T O = TALAF=17 = P 160F=04] =52 55E~04
SLTA2E-NT] J10380-10  #20H9L=11 G W2294F=10 L2698 F=10] =+2409E-10
o PHAG Ry THIGF =0T =4 Y215E~07 Cu «TA4HF-05  L2190E~04] L3255E-04
=e 2850 =05 | =2 7 TIE~QT =,5723E~07 C. «TAGIF-05  L2151F-04] .3255E-04
=M1 -0n | =3 1397F =06 =.6406E-07 G » TI55F=NG L 246TE-04] «332CF-04
“s GRAAF~05 =, 72RIF~06 ~,1740E=-06 C. «TH4TIF=03 J?0634F=04 LH223E-049
=sATH4F QY ~o12THE-(5 ~,TTHZ2E-)6 0O, =+ 1A3RE=03 ~,2R37E~03 ~,5T732E~03
=e?1?7E-05 =o39B3E-U% =42813E~35 O =y NB4AF=04 =, 13T4F=03 =,22¢3E-03
“+1%11E-0% = 42082F=0Y =.29B2E~05 C. =+ 588 3F=04 =, 078E=03 =,1347E=03
=4 2295F=0% «+2091E~05 =.1453E~05 O, =v1BO1F=04 =43B37E~05 J247T7E=-04

N, 0% 0. 0. 0. O 04
10.00 20.00 40400 60,00 80,00 100,00 110.00

0.
«9441F~032
WABL7E-Q2
2272E-02
W 6095£+03

=+ 2876E-03

~+1958F~01
=+1935F=-03
=2 1934E£-03
~.2245E-09
«1934E-02
«1935E~C3
«1956E~03
#~28T3IE-03
~«5986F-G3
=«2233E-02
=s1460E~D2
=+ 8B56E-03
Q.
115.G0

12000

BL6L AVIN
11 3NNT0A

§S3I0Hd JILIHOHIOHLITTI MO TS 338

FHL 40 NOILYILLSIAN
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NOISIAIG SINOT LS -ANVANOD SOILAVAOMISY SV T1910a TIINNOAIOW

8v—t

RUN NO. 17 TEST ENGINEERE £.0. WALKER

BUFFEP FLOW

40.0 ML/HMIN, INLET TEMP 4,9 €
FIELD STRENGTH 10,0 V/(M

BUFFER HORIZONTAL CENTERLINE VELOCITY

VIDTH
8.290
N.225
8.200
8.1%0
8,050
Te850
T.219
hel88
3. 154
‘.t?’
3.09%
2.)51
1.031
+43)

+2)0
«130
+05%
023
0.000
LEKGTH

W1OTHS QUTSIDE DATA » @

0.00

e 3
20.0 100.0
7.219
1.0
- enaTH

5.7

10.32

WEBCEF=D2
fT1L7E-C2
6325602
+B3B7E(2
o b0GOE=C2

O

HOAC=STL ELECTROPHTRESIS DATA REDUCTION
DRICINATORY DusWs RICHMAN 12/79

20,00

¢3L96E~02

+3600E~02

+2964E=-02

» 208 4F-02

+2962£=02

«J0T1E=02
Qa4

42490

«1lRTTE=Q2

«1673E~02
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INVESTIGATION OF THE

FREE FLOW ELECTROPHORETIC PROCESS REpoRT qug EUEnﬁgol?

MAY 1879

5.0 PROTEIN GRAVITY EFFECTS

The purpose of the tests described in this section was to demonstrate the effects
of gravity on protein particle streams during electrophoresis. The two proteins.
used for these tests, both singly and as mixtures, were human fibrinogen and

human albumin. First, tests-were run on single proteins varying electrical field
strength and buffer flowrates The proteins were then mixed and processed at
varying flowrates and concentrations. Data collection is described ir; Section 5.1,
while the rationale for buffer selection and assay methods are described in

Sections 5.2 and 5.3, respectively. The data reduction and mathematical corre-
lations are dfiscussed in Section 5.4.

5.1 TEST DATA COLLECTION

Electrophoresis chamber flow, electrical field and temperature conditions during

the protein runs were established as closely as possible to the conditions during
the analagous Task 1.0 runs with comparable time to reach stability. With the re-
peatability of the chamber proven during the Task 1.0 runs, dye streams were not used
to demonstrate Taminar flow of the carrier buffer. Dye in very ditute form ( 0.01
mg/ml) was mixed with small samples of protein to demonstrate that a specific con-
centration would not "fall-back".

A fixed ratio of sample to carrier buffer flow rates was applied to all protein
runs. The intended ratio was 1.:200; however, due to inherent Timitations of the
sample syringe pump utilized, it actually varied + 9%.

Protein runs 19 through 36 for albumin and fibrinogen separately (Figures 5-1 and
5-2), and 37 through 48 (Figure 5-3) for the mixture, were conducted in the same
general manner as the dye stream runs of Task 1.0. The main protocol differences
being control of sample handling. Protein stock was prepared and assayed to

assure proper concentration. Concentrations of 0.6 mg/ml were sought for the single
protein runs and actual assayed concentrations of the pre-run samples were 0.60

+ 0.03 mg/ml albumin and 0.64 + 0.03 mg/ml fibrinogen. Mixed protein concentrations
were 1.2, 0,34 and 0.18 mg/ml. In the case of the mixed concentrations, the fewer

scheduled runs allowed all runs at each concentration to be completed during one
day from a single assayed stock.

Sample injection into the chamber was from a syringe by means of a commercially
available syringe pump. Collection of sample and buffer at the chamber outlet
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tubes for assay and distribution determination was typically timed to collect

> 2ml at each tube. Assaying was generally done the same day as the run and
included collected sample from tubes as far as fifteen (15) either side of the
expected protein peak or peaks. Protein samp]es not assayed on the same day were
capped and stored at the 4°¢ for about 16 hours and assayed the following morning.
In order to prevent sample stream smearing in the chamber because of electrical
field variations immediately following voltage application or voltage setting
adjustment, the protein sample was not introduced into the chamber with field
untit readings showed the field had stabilized. The sampie was then allowed to
Tlow for at Teast 2.5 residence times before sample collection to allow the outlet
distributions to show any crescent distortion present in the sample stream.

5.2 BUFFER SELECTION

Sodium barbital buffer was used throughout the protein tests as the carrier and
electrolyte fluids and for dissolving the protein samples. This buffer has been’
used widely for protein electrophoresis and at pH 8.3 provides a sufficient menstrum
for separation of fibrinoéen from albumin. The basic difference in this buffer from
those used for traditional -electrophoresis (i.e., cellulose acetate, agar and poly-
acrylamide) studies is jonic strength. Traditionally the ionic strength ranges from
about 0.01 to 0.05 whereas for our studies the ionic strength was much lower (about
0.0025) to minimize Joule heating. It was prepared as follows: Two stock solutions,
one acidic and one alkaline,were prepared by dissolving 4.6 grams of diethylbarbit-
uric acid in 1000 ml of deionized water (acidic solution) and 103.0 grams of diethyl-
barbituric acid-sodium salt in a separate 1000 ml of deionized water (alkaline solu-
tion). These solutions were stored at 4°C and were kept up to five days before
being discarded. Carrier buffer and buffer used to dissolve the protein test solu-
tions were prepared daily by mixing 409 m1 of the acidic solution with 100 ml of

the alkaline solution and then diluting the resultant solution to 20 liters with
deionized, deaerated water. Deaeration was attained by exposing the water to about
0.0017 ATM for 16 hours to obtain an oxygen partial pressure of 100 mm of mercury.
The 20 Titer solution was tested for pH and adjusted to pH 8.3 with the reguired
amounts of either acidic or alkaline solution. The final pH of the buffer was 8.3
and its conductivity was 1.005 ¥ 10_4 mho/cm to 1.020 ¥ 10_4 mho/cm at 20°¢,

The ionic strength of the buffer was approximately 0.0025 and its specific gravity
was approximately 1.0012 gm/cc at 20°¢c. Variations in osmolarity and conductivity
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were due to stight variations in the day-to-day preparation of the buffer. We
chose to prepare buffers fresh daily to minimize the possibility of both microbial
and chemical deterioration and to avoid addition of preservatives which would
affect cell viability. Constant pH values were maintained from day to day by minor
additions to the fresh daily buffer of appropriate amounts of either acidic or al-
kaline solution,

Buffer used as the electrolyte solution was prepared similarly except that the
mixture of 409 ml acidic solution and 100 ml alkaline solution was diluted to four
Titers to provide a concentration five times that of the carrier buffer. Similar

day to day pH adjustments were made as with the carrier and sample huffer to assure
constant pH values throughout the tests. The final pH of the electrolyte buffer
was 8.3 and its conductivity was 7.21 x 1077 mho to 7.41 x 10™% mho. The ionic
strength was approximately 0.0125. Both the diethylbarbituric acid and its sodium

salt were obtained from Sigma Chemical Company, St. Louis, Missouri.

5.3 ASSAY METHODS

The two proteins used during these tests, human albumin and fibrinogen, were
obtained from Sigma Chemical Company in St. Louis and are the most highly purified
forms found commercially available. Both are reactive to the Folin and Ciocalteu
reagent described by Lowry (7 ), and a modification of his method was used to con-
duct all the protein assays during these tests. This modified procedure was
conducted as follows:

REAGENTS

Source of Reagents

Sodium carbonate, sodium hydroxide and cupric sulfate penthydrate were
obtained from Mallinkrodt Chemical Company in St. Louis. Sodium
potassium tartrate and the Folin and Ciocalteu Reagent (2N) were
obtained from Sigma Chemical Company in St, Louis.

Composition of Reagents
Reagent 1 - 20 grams of sodium carbonate and 4 grams of sodium
hydroxide dissolved in 1000 m] of deionized water.
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Reagent 2 - 20 grams of sodium potassium tartrate dissolved in
1000 ml of deionized water.

Reagent 3 - 10 grams of cupric sulfate pentahydrate dissolved in
1000 ml of deionized water.

Reagent 4 - Folin and Ciocalteu Reagent {2N).

Assay Procedure

1. Just prior to use, 50 ml of Reagent 1 was mixed with 0.5 ml of
Reagent 2. This solution was mixed thoroughly and then 0.5 mi
of Reagent 3 was added. After thorough mixing, this solution
was labeled Reagent A. This reagent was prepared fresh daily.

2. Samples to be assayed were pipetted into 16 x 100 mm plastic
test tubes in 1.0 ml aliquots. To the 1.0 mi of sample was added
2.0 ml of Reagent A. After mixing, these solutions were allowed
to stand at room temperature for 10 minutes.

3. After 10 minutes 0.1 ml of the Folin and Ciocalteu Reagent (2N) was
added and the solutions again mixed thoroughly. These final test
solutions were allowed to stand at room temperature for 30 minutes.
After this time their optical densities were determined at 700 nm
in a Coleman Spectronic 70 Colorimeter using as a blank the 0.0025
ionic strength diethylbarbituric acid buffer described in Section 4.1.

4, Standard curves were prepared daily using human albumin as the standard
at concentrations ranging from 400 to 3.125 pg/ml in the same 0.0025
jonic strength barbituric acid.

5.4 DATA REDUCTION AND CORRELATION

The results of the-single protein runs of human albumin at 0 volts/cm and buffer
flowrates of 20, 30 and 40 mi1/min are shown in Figure 5-4. The dashed lines in
each case are Tor the corresponding analytical predictions. What is immediately
apparent from this comparison is that the test results show some widening of the
sample stream even with no voltage applied. Since theanalytical predictions included
modeling of the effects of diffusion, some of this widening must be attributed
to the test hardware. The corresponding results and comparisons for the single
protein runs of fibrinogen at 0 volts/cm and buffer flowrates of 20, 30, and 40
ml/min are shown in Figure 5-7. Here again, the same widening of the sample
streams at zero applied vd]tage is evident.
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The results of the single protein runs of human albumin at 10 volts/cm and buffer
flowrates of 20, 30, and 40 ml/min are shown in Figure 5-5. The dashed lines in
each case are- for the corresponding analytical predictions. These runs, particu-
larly at the higher flowrates, show the effects of the widening of the sample
stream that was evident in the runs with no applied voltage. If it is assumed
that the zero voltage widening also applies to cases with voltage, as it would
if it were associated with the system, then the analytical predictions show very
good correlation with the test results. The corresponding distributions for
human albumin at 20 volts/cm and 40, 30 and 20 ml/min buffer flowrate are pre-
sented in Figure 5-6. Here again, the difference between the predicted distri-
butions and the test results can be explained in terms of the zero voltage
widening of the sample streams and is not attributable to the application of
voltage. The underprediction of sample movement in the analysis can be attri-
buted to the actual residence times being greater than the predicted residence
times as evidenced by the buffer flow gravity effects test data correlation.

The results of the single protein runs of human fibrinogen at field strengths
of 10 and 20 volts per cm are presented in Figures 5-8 and 5-9 respectively.
Here, both the general widening of the sample streams characteristic of the
zero voltage cases and the increased movement for the test peaks relative to
the predicted peaks at higher voltages is evident.

The output concentration distributions for the mixed protein separations are pre-
sented in Figures 5-10 through 5-16. The results for the highest concentration,
0.12% protein by weight per unit volume, and the lowest buffer flowrate, 20 mi/min
are presented in Figure 5-10. The results show generally good correlation, once
the widening of the sample stream for the no voltage case is accounted for. The
question in interpreting the results is how much of the widening of the sample
stream can be attributed to gravity. This was determined analytically by pre-
dicting the distribution with and without the gravity body force in the - Z direc-
tion (Figure 5-11). The peak shift, due to gravity, is about one tube of additional
movement. Of course, this widening would increase at higher concentration or lower
buffer flowrates. Corresponding data at lower concentrations 0.034% and 0.018% pro-
tein by weight per unit volume is presented in Figures 5-13 and 5-15.

5—14
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The results of mixed protein concentration distributions at a higher buffer
flowrate of 40 ml/min are presented in Figures 5-12, 5-14, and 5-16. These results
are consistent with those for the 20 ml/min buffer flowrate, except that the

peaks are sharper and the distance moved is Tess due to the shorter residence
time. Figure 5-16, which has the outlet concentration distribution for the

lowest concentration, .0.018%, and the highest buffer flowrate, 40 ml/win, should
have a minimum of gravity effects.
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6.0 CELL GRAVITY EFFECTS

The purpose of the tests described in this section was to demonstrate the effects
of gravity on sample streams of cells. The cells used for these tests shown in
Figure 6-1 were 33H human lymphocytes. The movement of the lymphocytes during
electrophoresis was experimentally found at flowrates of 20 and 40 ml/min and
concentrations of 1 X 107, 5 X 106, and 2.7 x 105 cells/ml. Test data collectionis
described in Section 6.1 and the data reduction and correlation in Section 6.2.

6.1 TEST DATA COLLECTION

Continuity of test conditions previously run with proteins was maintained by
establishing chamber conditions as close as possible to those of the Task 1.0 runs.
As with the protein test runs, dye was used only for initial verification that a
cell density would flow within the chamber. This method was used to determine

the upper Timit for cell densities at the stated carrier buffer flow rates and
for the trypsinized buffer used. The Tower density 1imit was set by the assay
technique. Sample to carrier buffer ratios of 1:200 + 9% were again maintained,

Cells were harvested, washed, counted and diluted as required on a daily basis.
Because of an expected tendency for cells in the sample syringe to settle with
time, therehy effecting outlet distribution, the syringe was slowly and con-
tinuously aaitated to control settling. Because of some syringe and con-
nected feed tube movement due to the agitation., a slight, short period

( 1-2 CPS) pulse of the sample stream as it left the capillary tube in the

chamber was noted. This pulse caused some of the spread in the collected
sample distribution.

Only two cell runs, one at zero-voltage and one electrophoresis could be conducted
each day and this required a new sample of cells be counted the next test day. These

day-to-day harvestings, suspensions, and dilutions resulted only in about 3% devia-
tion in initial cell counts. Sample injection and collection procedures were gen-
erally the same as for the protein runs. In the assay,cell counting was performed
on a1l collected samples and included sample from tubes as far as twenty (20) on
either side of the expected peak count.

Cell concen;rations in units of g/ml were calculated from the cell counts and

6-1
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an experimentally determined mass of 1.235 x 10"9 g/cell and density of 1.060
3
g/cm.

6.2 CELL SELECTION '

Cells used for these tests were a continuous human Tymphocyte line designated 33H
by the American Type Tissue Culture Collection. They are a vigorously prolifer-
ating cell which grows in suspension culture, and range in diameter from 8.5 to
about 15 microns. Since lymphocytes produce a wide variety of materials which may
become candidates for space bioprocessing, these cells represented an ideal source
of material for the conduct of these tests.

6.3 CELL PREPARATION

Cells used for these tests were grown in RPM1 medium (Grand Island Biological
Combany (GIBCO), Buffalo, New York) which contained 0.03% glutamine and 0.2%
sodium carbonate. Prior to use the medium was supplemented with 20% fetal calf
serum, also obtained from GIBCO. Starter cultures consisted of 100 ml spinner

7

flasks containing 100 ml of medium inoculated with 3 x 10" cells to provide a

starter culture containing 3 x 105 cells/ml. During incubation, cells were exposed
to an atmospheie of 5% COZ’ 95% air. After three to four days incubation at 37°C,
the starter cultures were used to inoculate 500 ml spinner flasks at a concentration
of 3 x 105 cells/ml. After three to four days, the cultures were similarly inocu-
lated into 1000 m1 flasks from which test samples were harvested. Cells for elec-
trophoretic tests were harvested by centrifugation at 200g for 20 minutes. Harvested
cells were washed once in approximately 100 volumes .of buffer (described in Section
5.3), resuspended in the same buffer, enumerated for total and viable cells, adjus-

ted to the concentration desired for testing, and stored at 4°C until ready for
processing.

Generally speaking, cells were harvested at 9:00 a.m., processing was initiated at
11:00 a.m, and completed by 3:00 p.m. Assays of the processed samples were gener-

ally completed by 4:00 p.m. In all cases, cells were harvested and prepared fresh
daily.

6—-3
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6.4 BUFFER SELECTION

The buffer used for washing, resuspending and processing the human Tymphocytes

in the electrophoresis unit was prepared as follows: Triethanolamine (2.4 gm), '
glycine (20.7 gm), potassium acetate (0.4 gm), and glacial acetic acid (0.6 mi)
were dissolved in 100 ml of deionized water. When these materials were compietely
dissolved, calcium chloride dihydrate (0.044 gm) and magnesium chloride hexahydrate
(0.061 gm) were added. For use as the carrier buffer and for washing and suspending
the test cells, the 1000 ml solutionwas dituted to 20 Titers and 1.0ml of 2.5% tryp-
sin in .85% sodium chloride (GIBCO) was added and mixed well. For use as electro-
lyte fluid, another 1000 ml solution was diluted to eight Titers and no trypsin was
added.

The final pH of the buffer was 7.4, its osmolarity was 294 to 301 m OSM and its
conductivity was 1.2]x19-4 mho/cm to 1.45)(10_4 mho/cm. The specific gravity was
approximately 1.00982 gm/cc at 20°C. Variations in osmolarity and conductivity-
were due to slight variations in the day to day preparation of the buffer. We
chose to prepare buffers fresh daily to minimize the possibility of both microbial
and chemical deterioration of the buffer and to avoid addition of preservatives
which would affect cell viability. Constant pH values were maintained from day to
day by minor additions to the fresh daily buffer of appropriate amounts of either
acetic acid or triethanolamine. This buffer provided viability recoveries of up
to 90% over the course of the day's testing and assaying, and prevented aggiutina-
tion of the cells which would have interfered with the tests.

6.5 ASSAY METHOD

Lymphocytes were enumerated in a standard laboratory hemocytometer using Erythrosin
B (Fisher Scientific Company, St. Louis, Missouri) dissolved in saline to differen-
tiate viable from nonviable cells. Viable cells exciude the dye and appear clear,
while the nonviable cells take up the dye and stain pink.

Depending on the total cell population in the samples, either 0.05% Erythrosin B

or 0.4% Erythrosin B was used. If the cell population was between one million and
three million cells per mi (100 to 300 cells actually counted in the hemocytometer),
the sample was prepared by adding 0.1 ml of the sample to 0.9 ml of 0.05% Erythro-
sin B. If the cell population was between 40,000 and 100,000 cells per ml (48 to
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120 actually counted in the hemocytometer), the sample was prepared by adding 0.5
ml of sample to 0.1 ml of 0.4% Erythrosin B. After adding the dye, cells were

allowed to stand at room temperature for 5 minutes before placing them in the
hemocytométer for counting, In all cases, prior to dye addition, a preliminary
cell count was made to estimate the cell population and to make initial diTutions

to bring the total cell population into one of the proper ranges for counting.

6.6 DATA REDUCTION AND CORRELATION

Test versus predicted outlet concentration distributions for the electrophoresis of
33H human lymphocytes are shown in Figures 6-2 through 6-8. The concentration dis-
tributions shown in Figure 6-2 are for the lowest buffer flowrate, 20 mi/min and
the highest cell density, the case where gravity effects should be most apparent.
In general, the predicted spreading of the sample is less than for the test data,

both with and without applied electrical field, sosome of this spreadingis achar-
acteristic of the MDAC-St. Louis test hardware.

In addition, the smaller predicted movement of the cells with the field applied is

caused by the actual residence times being greater than predicted, as evidenced by
the buffer gravity effects data correlation.

Predicted gravity effects on the electrophoresis of cells are shown in Figure 6-3.
The greater movement under electrophoresis in one-g is caused by the increased
residence times due to the particle streams slipping with respect to the surround-
ing buffer. Widening of the particle streams is not evident for this case, but
would probably become evident at higher concentrations or greater-electrophore-
tic movement. Test versus predicted concentration distributions for the Tower cell

densities of 5 X 106and2.7 X 105ce11s/m1 at a buffer flowrate of 20 m1/min are pre-
sented in Figures 6-5 and 6-7.

The results of cell electrophoresis at a higher buffer flowrate of 40 ml/min are
presented in Figures 6-4, 6-6, and 6-8. These results are consistent with those
for the 20 ml/min buffer flowrate, except that the peaks are sharper and the
distance moved is less due to the shorter residence times. Figure 6-8, which is
the outlet concentration distribution for the Towest cell density, 2.7 X 105 cells/

mi, and the highest buffer flowrate, 40 ml/min, would have & minimum of gravity

effects.
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7.0 SAMPLE CONCENTRATION EFFECTS

Previous studies in the MDAC-St. Louis 1aboratories have shown that Timited concen-
trations of proteins and cells can be processed by free flow electrophoresis in a
one-gravity environment (8,9). Basically, the limitations are caused by the in-
creasing specific gravity that occurs in a solution when increasing amounts of
protein solute are added. This increased specific gravity results in an increased
weight of the samplie stream column flowing upward. When the sample stream column
reaches a critical specific gravity, it fails to flow and falls back. This "fall-
back" phenomenon can be avoided by increasing the carrier buffer flow rate, but
this results in shorter residence times and poorer resolution capabilities. Human
plasma must be diluted 1/50 to 1/70 times in distilled water in order to be pro-
cessed in our unit at a carrier buffer flow rate of 20 ml/min (with sample flow at
about 0.2 ml/min}. If processed in zero gravity, it would flow without dilution
and thus provide the potential of increasing sample throughput by 70 times.

Basic questions have arisen, however, concerning protein-protein interactions
occurring in concentrated protein samples (but to a lesser degree in dilute samples)
which may alter their fundamental characteristics and affect their electrophoretic
mobility. If such were the case, utilizing the greater concentration possible in
space wouid result in a decrease in resolution of the separated protein mixtures.

It is not practical at this time to conduct a space experiment solely to determine
if concentration affects electrophoretic mobilities in the free flow process
although such an experiment should certainly be included as part of a space demon-
stration progran.

In order to detect the possible effects of concentration on electrophoretic mobility,
we employed three common ground based electrophoretic procedures and studied the
mobilities of various proteins in human plasma at several concentration. Tests

with agar gel plates, and polyacrylamide disc gel electrophoresis showed that no
significant differences in the fundamental electrophoretic mobility of the major
protein components occurred over a concentration range of nearly two orders of
magnitude.  Tests with cellulose acetate strips provided only inclusive results
because of erratic performance by the instrument employed.
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7.1 TEST METHODS

AGAR GEL PLATE ELECTROPHORESIS -~ Agar coated plastic plates (Corning No. 470100)
and a Corning Model No. 470130 electrophoresis chamber were used for this series
of tests. Gelman 51104 buffer, pH 8.6 and 0.03 fonic strength, was used as the
electrolyte and carrier fluid.

Samples were applied to the gel using the Corning Sample Dispenser Model No. 470152
in 1.0 ul aliquots and the plates placed in the electrophoresis chamber. After
positioning the plates, voltage (85 volts) was applied to provide a field strength
of about 15 volts/cm.

Samples were electrophoresed for 40 minutes after which time the plates were removed
and rinsed in deionized water and dried at 67°C for 60 minutes. They were then
stained in 0.5% Coomassie Brilliant Blue R250 {BIO-RAD No. 161-0400 dissolved in

45% methanol, 45% water, and 10% glacial acetic acid, V/V/V) for five minutes. The
plates were then rinsed in the above solution (but without added Coomassie Blue)
until the protein bands were visible. They were then dried in a 67° oven for one
hour. The distance each protein band moved during electrophoresis was then deter-
mined by direct measurement of the distance from the original starting position to
the center of each band.

POLYACRYLAMIDE DISC GEL ELECTROPHORESIS - For these tests, a BIO-RAD Model No. T150A
efectrophoresis apparatus was employed. In this method, glass tubes, dimensions

5 mm diameter x 125 mm long, were filled with polyacrylamide gel and run according
to the standard procedure of the Miles Laboratories, Elkhart, Indiana. Test samples
were mixed with loading gel which was placed at the top of the column in 100 ul
aliquots and the column then placed in the electrophoresis chamber. Tris-glycine
buffer, pH 8.1 and ionic strength 0.2, was used for the electrolyte and carrier
fluid. Samples were electrophoresed for 75 minutes with 150 applied volts which
resulted in a field strength of approximately 12 volts/cm and 40 milliamps {5 mil-
Tiamps per column; 8 columns employed).

After electrophoresis, the polyacrylamide gel columns were removed from the glass

column, fixed in 2.5% trichloroacetic acid overnight, rinsed with water, then

stained in 1% Coomassie Blue G-250 in 7% acetic acid. They were then rinsed in

7% acetic acid 50% methanol and the gels preserved in 7% acetic acid in water.
7-2
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The distance each protein band moved during electrophoresis was determined by
direct measurement of the distance from the top of the separation gel to the cen@er
of each band.

SAMPLE PREPARATION - Standard Normal Plasma (SNP) samples obtained in dried form
from' Dade Diagnostics, Miami, Florida, were used as the protein samples for these

tests. In all cases, the dried plasma was rehydrated prior to use with distilled
water. Each SNP vial contains premeasured plasma such that rehydration with 1.0 ml
of water will result in a solution representative of normal plasma, containing
about 7% total protein. Various sample concentrations were obtained by adding
0.25 ml of water (to obtain a sample containing 28% protein), 0.5 ml for a 14%
solution, and so on, to obtain samples containing from 0.109% (one vial in 64.0 ml
of water) to 28% (one vial in 0.25 ml of water).

7.2 TEST RESULTS
AGAR GEL PLATES - The results of these tests are shown in Figures 7-1 and 7-2 and

are summarized in Fiqures 7-3 and 7-4.Inrunl, samples containing7.0%, 3.5%, and 1.75%
protein were used. A photograph of the stained electrophoresis gel plate is shown

in Figure 7-1. The 7% sample clearly separated into six distinct bands representing
(from top to bottom) albumin, alpha-1-globulins, alpha-2-globulins, beta-1-globulins,
fibrinogen, and gamma globulins. The 2.5% sample also separated into six distinct
bands. In the 1.75% sample only albumin, beta-1-globulins, and fibrinogen were
visible, and in the lowest concentration, 0.875%, only albumin, beta-1-globulins,

and fibrinogen were visible. This loss of visualization was a result of dilution

of the proteins bands beyond the point at which dye would bind sufficiently to be
visible to the naked eye.

In run 2 test samples consisted of duplicate samples containing 7% and 28% nrotein,
and a 7% sample which had been prepared originally at 28%, allowed to react at room
temperature for two hours and then rediluted to its original 7% protein concentra-
tion. A photograph of the stained electrophoresis gel is shown in Figure 7-2, In
all cases, the samples showed six distinct separated bands on the original gel plate.

Unfortunately, the photographic reproduction does not show the resolution obtained
with the 28% sample.
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Visual inspection of Figures 7-1 and 7-2 reveals that no significant differences in
mobility occurred as a result of the starting sample concentration. More precise measure-
ments, made fromthe origin to the center of each band, are shownin Figures 7-3 and 7-4.

In the first experiment (Figure 7-3) albumin moved a distance of 18 mm, regardless
of the concentration of the starting sample. Similarly, all of the other major
proteins moved consistently regardless of concentration. In this procedure, the
gamma-globulins migrated in the opposite direction to the other proteins and
their migration distance is indicated as such by the minus (-) sign. Where N.V.
appears in the table, no measurements were possible because the bands were not
visible. Measurements of the mobilities in the second experiment are shown in
Figure 7-4. As in the first set of data, all the protein bands showed consistent
mobilities regardless of the concentration of the starting sample. In addition,
the mobilities of most of the proteins were identical from one run to another.
Albumin mobility varied only from 18 mm in Run 1 to 19 mm in Run 2, or only

about 5.5%; the beta-1-globulins varied from 0.55 to 0.60 or only about 8.3%.
The other protein bands moved identically in both runs.

These data indicate that the agar gel electrophoresis provides consistent results
from day to day. Using this method, no differences in mobility of the major plasma
proteins as a function of the concentration of the starting sample could be detected.

POLYACRYLAMIDE DISC GEL ELECTROPHORESIS - The results of these tests are shown in
Figure 7-5 and the data summarized in Figure 7-6. Although many details of the
separation were lost during photographic representation, sufficient details are

present to visually analyze the results.

Figure 7-5 is a photograph of plasma separations from samples ranging in protein
concentration from 0.109 to 7%. From this photograph we selected seven bands or

band groups for mobility comparison purposes. These bands were identified as

(from top to bottom) gamma-globulins, a group of alpha-2-globulins, a single
alpha-2-globulin, beta-1-globulins (hemoglobin and transferrin), an alpha-1-globulin,
albumin and prealbumin. These identifications were made by comparing our electro-
phoretic pattern to that of Clarke(10), who identified all the various bands
obtainable by this procedure.

7—6

MCDONNELL DOUGLAS ASTRONAUTICS COMPANY -ST. LOUIS DIVISION

PR IR e e e, TR AR TR




L e T e 5 5 T e IS S T e e = S
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The gamma~ globulins were visible in all tubes and remained at the origin during
electrophoresis. Although not visible in the photograph, seven distinct close-
moving alpha-2-globulins were visible to the naked eye in the freshly stained gels
down to a concentration of 0.875%, and showed no visible differences due to sample
concentration. The alpha-2-globulin band was visible in the photograph in all
tubes down to 0.875% and visual inspection indicated that this material moved about
the same distance from the origin in each concentration. The beta-1-giobulins,
hemoglobin and transferrin moved as a single band, were visible in all tubes and
also appeared to migrate the same distance regardless of concentration. Similar
results are apparent with the alpha-1-globulin band, visible down to 0.875%,
albumin, visible in all tubes, and prealbumin, visible only in the 7% and 3.5%
samples. In two tubes,those containing 3.5% and 1.75% samples, slight smearing
occurred in the area between the gamma-alobulins and the group of alpha-2-globulins.
The smearing is not visible in the photoqraphic representation but was visible in
the freshly stained gels. Those same hands, although very faint, were not smeared
in the other tubes and all showed similar migration patterns. The reason for the

smearing in those tubes was likely due to improper sample placement on the column.

Visual inspection of the general pattern of band migration in the gel column indi-
cated that no significant differences in migration occurred from one test sample to
another, More precise measurements, made from the origin to the center of each
band are shown inFiqure 7-6. Where N.V. appears in the table it indicates that the
protein in that sampie was too diluted to bind sufficient dye to be visible to the
naked eye,

In the case of all the proteins except albumin, no significant differences were
apparent as a function of protein concentration. The gamma-globulins all remained
at the origin, the alpha-2-globulin moved 1.4 c¢m in every case, the -beta-i-globulins
showed migrations of 2.1 to 2.3 cm with an apparent slight increase with the inter-
mediate concentrations, the alpha-1-globulin moved 3.3 to 3.4 cm with no apparent
trend toward differences as a function of concentration, and prealbumin, in the two
concentartions available for measurement, both migrated 5.8 cm.

Albumin, however, did appear to migrate slightly farther in the concentrated sampie
than in the most dilute sample. The differences of 2.1 and 2.3 noted for the beta-
2-globulins and of 3.3 and 3.4 noted for the alpha-1-globulin are probably not
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significant because of measuring error, slight deviations in gel thickness, or
possible small differences in field strength across the gel discs. With albumin,
however, a distinct trend is apparent indicating increased mobility of the albumin
in concentrated samples. One possible explanation is that the albumin has over-
saturated the gel disc molecular sieve pores and thus some of the albumin molecules
are no longer retarded in mobility by the gel pores. These excluded molecules would
be under the same electromotive force as all the other albumin molecules, but, not
being retarded by molecular sieve action, as are all the others, would migrate
farther giving the appearance of increased electrophoretic mobility.

Whatever the explanation of the increased albumin migration, the differences noted
were not significant (about 7.3%) and did not interfere with the migration of the
two species which move near albumin, i.e., prealbumin and the alpha-1-globulin.

In addition, whereas it might have been expected that proteins in higher 'concen-
trated samples would possess retarded mobilities, these data indicate that if
concentration does affect mobilities, even if only slightly, it does so with
opposite results.

CELLULOSE ACETATE STRIP ELECTROPHORESIS - Tests conducted with the Gelman Model
No. 51211 electrophoresis apparatus gave erratic and inconclusive results. It was

found that differences in field strength occurred across separate cellulose acetate
strips which caused erroneous interpretation of early test results. In effect,
samples placed at the top of the apparatus always showed greater migration dis-
tances, regardless of concentration, when compared to migration distances obtained
on strips placed at the bottom of the apparatus. Additionally, day to day varia-
tions in mobilities of up to 46% occurred, also redardless .of sample concentration,
which discounted meaningful interpretation of the data. No simple means of control-

1ing these erratic results were available and so this method was not investigated
further.

7.3 SUMMARY

Three conventional ground based electrophoretic procedures were employed to deter-
mine if sampie concentration affected the electrophoretic mobility of the major
plasma proteins. One of these methods, using cellulose acetate strips gave erratic
and inconclusive results. These inconsistencies were shown to be a result of the
apparatus itself and not a function of protein concentration. Using Corning gel
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plates, consistent results were obtained from one experiment to another providing
reliable data which showed that no differences in separation occurred as a result

of protein concentration ovér-the range of 0.875% to 28%. The third method employed,
polyacrylamide gel electrophoresis, gave similar results over a concentration range
of 0.109% to 7.0% protein. A slight increase in the migration of albumin noted
durihg this procedure was probably not due to an increase of electrophoretic mobil-

ity but to overloading of the polyacrylamide gel by this major constituent of human
plasma.

These results indicate that no significant differences in electrophoretic mobility

are apparent, as a function of protein concentration, over the range of 0.109% to
28%.
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8.0 CONCLUSIONS AND RECOMMENDATIONS

The purpose of this study was to demonstrate the effects of gravity on the free

flow electrophoretic process and to compare the demonstrated effects with predic-
tions made using mathematical models. The effort included eighteen test runs to
investigate the effects of gravity on the carrier buffer flow and forty-two test
runs to investigate the effects of gravity on samples of biological materials,

both proteins and cells. During the runs, electrical field, buffer flowrate and
sampie concentration were the independent variables. The dependent variables for the
buffer qravity effects investigation were the vertical centerline velocity distributions
and the horizontal centerline velocity distributions, For the sample gravity effects in-
vestigations, the dependent variable was outlet concentration distribution.

From the results of the buffer gravity effects, tests and data correlation the
following conclusions can be drawn:
0 Correlation between measured vertical centerline velocity distributions and
analytical predictions with no field applied was qenarally good, except that
test profiles are more rounded.

OWith field applied to the chamber, the peaks in the velocity distribution near
the membranes, with a larger peak on the cathode side, were predicted analyti- -
cally and were evidenced by peaks in the horizontal dye fronts. These same
peaks could not be numerically differentiated reliably from dye front coordin-
ates, due to nearly vertical slopes in the dye fronts near the membranes.

oWith field applied to the chamber, the measured vertical centerline velocities
were generally less than those predicted by analysis. The analytical predic-
tions are strongly dominated by the axial flow and the solution may not have
converged sufficiently to accurately predict the additive velocities due to
convection cells. Further correlation effort in this area is recommended.

0 Carrelation between measured horizontal centerline velocity distributions and

analytical predictions was good considering that the error in measuring these
velocities, which are about two orders of magnitude less than the vertical
velocities, is almost as great as the velocities themselves.

From the results of the sample gravity effects tests and data correlation, the
following conclusions can be drawn:
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0 Widening of the sample stream to about plus or minus one outlet tube width
(+.08 cm) more than analytically predictedwas obtained even with no field
applied. Some of this widening is probably a characteristic of the test setup.

0 Correlation between the outlet concentration distribution of single prnteins
during electrophoresis and the predicted distributions is generally good.
except at low buffer flowrates. The larger measured movement at 20 ml/min
buffer flowrate is a result of greater residence time for the sample than
was analytically predicted. This is evidenced by the buffer gravity effects
tests, where vertical velocity was less than predicted by analysis.

0 Inconsistent results were obtained in estimating wall electroosmotic velocity
for the buffers used from data obtained in the Titerature for other buffers.
Further investigation of electroosmotic velocity for the buffers used is recom-
mended. For a given estimate of wall electroosmotic velocity, the experimental
results were ccnsistent.

0 The effects of gravity on the samples at the highest protein concentrations and
lowest flowrate was about a 5% increase in movement under electrophoresis.
Greater effect would have been noted at h?gher protein concentrations; however,
consistent results would have been more d%fficu1t to obtain.

O The outlet concentration distributions obtained for 33H human lymphocytes show
results similar to those obtained for proteins.

A general conclusion of this study is that three dimensional mathematical models,
if they include gravity induced buoyant forces, can be used to effectivelv predict
electrophoresis chamber separation performance.

The results of tests performed using various methods of electrophoresis using
supportive media show that the mobility and the ability to separate are essen-
tially independent of concentration, providing promise of being able to perform

electrophoresis with higher iniet concentrations in space.

This investigation provides a starting point for meaningful comparison of free flow
electrophoresis chamber performance, i.e. output and separation capability,
on earth and under microgravity conditions and additional work in this area

is racommended.
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